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Introduction 

The controls  f o r  the  Homogeneous Reactor Experiment may be divided 

. 

i n t o  three pr inc ipa l  groups 1 

1. Reactor 

2. Process o r  auxi l ia ry  

3 Power generation 

While these necessar i ly  overlap somewhat uecause of t h e  coupling between t h e  

various functions of t h e  experiment, t h i s  c l a s s i f i c a t i o n  does designate t h e  

primary functions of the controls .  

Since the pro jec t  i s  an experiment designed t,o furnish da ta  which 

w i l l  a i d  i n  designing f u t u r e  large-scale  homogeneous power-producing reac tors  

there are numerous instruments and control  fea tures  which would ord inar i ly  be 

omitted. For example, t h e  r e a c t i v i t y  may be control led i n  several  ways so the  

most des i rab le  method may be determined by operating experience. 

The operating controls  and instruments have been grouped t o  minimize 

the numker a f  operating personnel f o r  rout ine operation, 

ized t h a t  during experimental runs, several  engineers will be needed, a two-m-i? 

crew should be ab le  t o  handle t h e  e n t i r e  p lan t  fo r  regular operation, A l l  r e -  

mote valve opelators,  automatic cont ro l le rs ,  and operating instruments are 

located i n  the  control room and a r e  arranged according t o  frequency of use,  

Although it i s  real- 

The general layout cf t h e  control  room i s  shown i n  Figure 1, The 

console has a l l  t h e  manual controls  which must be handled by t h e  operator 

during s ta r t -up  o r  at  frequent i n t e r v a l s  during operation. Control s t a t i o n s  

-1- 
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f o r  pneumatic valves which need t o  be changed infrequent ly  are grouped on a 

panel loca ted  t o  one side so that  the operator  can check con t ro l l e r  pos i t i on  

and air pressure without leaving h i s  seat. Switches for t h e  various motors and 

e l e c t r i c  hea te rs  which do not requi re  f requent  changes are mounted on t h e  l e f t  

hand panel board. 

valve pos i t ions  and operat ion of a u x i l i a r i e s  before  s t a r t -up  and then the  

operator  can b r ing  t h e  reac tor  t o  p ~ w e r ,  synchronize t h e  generator  on t h e  l i n e  

and continue operat ion from the  cont ro l  console. 

Thus the  operator  o r  h i s  a s s i s t a n t  may s e t  up the co r rec t  

The panel board instruments are grouped roughly according t o  general  

c l a s s i f i c a t i o n  and according t o  t h e i r  importance i n  operat ion,  

struments ind ica t ing  r e a c t f v i t y  (CRM, l o g  N ,  rod pos i t ion ,  r e f l e c t o r  l eve l ,  e t c  .) 

are on the  center  p,neL d i r e c t l y  i n  f ron t  of t h e  operator .  

sociated w i t h  power generation are on t h e  panel a t  the  ope ra to r ' s  l e f t  and t h e  

process instruments on t h e  one t o  h i s  right. 

Thus the  in -  

The instruments as- 

The detailed panel layout i s  

shown i n  Figure 2. The console, shown i n  Figure 3, has the  cont ro ls  grouped 

i n  2 similar manner. P r inc ipa l  reactor cont ro ls  are a t  the ope ra to r ' s  r i g h t ,  

w i t h  less c r i t i c a l  process cont ro ls  at t h e  ex t rew r ight ,  while t h e  stem and 

e!.er,t,rical povex cont ro ls  are on t h e  l e f t .  

fr, addi t ivn  t o  the supervision provided by the  instrumenzs, the  vmious 

alarms LI-P r.egistered on a two-bight annunciator psnel and the  pos i t i on  of a l l  

remote-operation valves I s  shom on a mimic pariel.. The a l a r m s  give &x audible  

s igna l ,  whfch may be stopped 11y t h e  cperator, and give two visue l  s igna l s  on 

t h e  mriunciatcr panel.  

when t h e  f a u l t  clears, but. the  second one w:ll continue until.  reset by t h e  

operator,  thereby engblfng him t o  apcL Snd record even & momentary f u a l t ,  

The first, of the  v isua l  s igna l s  w i l l  d e a r  a u t o m t i c a l l y  

A 
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I -TURBINE SPEED 
2 -GENERATOR BREAKER 
3 -TVA BREAKER 
4 -FIELD RHEOSTAT 
5 -BLDG. STEAM TO TURBINE 
6 -REACTOR STEAM 
7-STEAM DUMP 
8-STEAM DRUM VALVE 
9-PRECISION INDICATOR (TI 17) 
IO-PERIOD METER 
I I -MONITORING SPEAKER 8 SELECTOR SWITCH 
12-CONTROL PLATE 
I 3 S H I M  PLATE 
1 4 3 A F E T Y  PLATE 
15-DILUTE VALVE 
16-HOLD DUMP 
17-CONCENTRATE VALVE 
I8-SOUP DUMP 
19-REFLECTOR DUMP 
20-MAGNET POWER 
21-LOWER ALL PLATES 
=-START -RUN 
23-LOW BOILER PRESSURE BY-PASS 
24-RU N-TE S T  
25-NO. I PULSAFEEDER 
%-REFLECTOR CIRCULATING PUMP 
27-SOUP CIRCULATING PUMP 
28-NO. 2 PULSAFEEDER 
29-SOUP PULSAFEEDER 
30-PRESSURIZER BLEED VALVE 
3 I S O U P  PULSAFEEDER VENT 

Fig. 3 -Console 



mimic pahel mounted above t h e  center  panel board i s  a s implif ied flow diagram 

showing p r inc ipa l  piping and valves. The pos i t i on  of each valve i s  indicated 

on t h i s  diagram by colored bights,  thus  enabling the operator t o  check t h e  

system valving a t  a glance. 

The flow sheet  shown i n  Figure 4 shows a l l  instrumentation except 

The nuclear in -  t h e  r eac to r  nuclear instruments and t h e  bui ld ing  monitors. 

strumentation consis t ing of standard components i s  shorn i n  t h e  block diagram 

of Figure 5 .  

s ide r ing  t h e  detailed operation of each instrument o r  control .  

The cont ro ls  will be discussed i n  a general  manner before con- 

Basically,  t h e  €IRE cons is t s  of t h ree  major system components - soup 

o r  fuel, r e f l e c t o r ,  and power generation. These may be considered by refer- 

ence. t o  Figure 4, The soup i n  the c r i t i c a l  volume and heat ex t rac t ion  loop 

i s  maintained a t  a high pressure (design value of 1000 p s i )  by a steam pres-  

s u r i z e r  located i n  t h e  upper p a r t  of t h e  reac tor  assembly. The remainder of 

t h e  soup system cons i s t s  of t h e  dump tanka, concentrating components, and gas 

handling components. The r e f l e c t o r  and i t s  heat  ex t rac t ing  loop are operated 

at a pressure s l i g h t l y  above t h a t  of the s o ~ p .  

equipment complete t he  reflector part. 

fa2rLy standard from t h e  heat exchanger on, The valving is  somewhat) compli- 

cated by t he  need for  introducing steam from t h e  bui lding b o i l e r  fo r  s ta r t -hp  

heat ing and experimental work. 

The dump tanks and off-gas 

The power generation equipmefit, i s  

The nuclear ins t rumenta t im shown i n  Figure 5 i s  an adaTtation of 

TYG f i s s i o n  chamber:; are connected t o  counting rate t h e  "WR" instruments, 

-6- 





.) . 

P C P  
CHAMBER 

A 

1 t 

P C P  
CHAMBER CHAMBER 

PREAMP. 
PREAMP + PREAMP. 

m LINEAR AMP 

2 POINT 
LEVEL 

RECORDER 

LOG COUNT 
RATE METER 

~ I 

MAGNET MAGNET MAGNET 
AMP. AMP. SAFETY AMPLIFIER 

INTERLOCKS POWER SUPPLY 

I 
a2 
I 

SAFETY SHIM 
MAGNET MAGNET MONITRONS 

d 

FISSION 
CHAMBER 

A I A  
PREAMP 

A I  
LINEAR AMP 

SCALER 

SAFETY 
ROD 

COMPENSATED 
CHAMBER 

SHIM 
ROD 

~ 

333 RECORDE R 

PERIOD 

SIGMA v SIGMA v I SIGMA 
AMP 

Fig. 5-  Nuclear Instrumentation 



meters and a compensated ion chamber dr ives  both a Log M and a period meter. 

Two PCP boron chambers are connected t o  a two point  l e v e l  recorder and t o  t h e  

conventional scram c i r c u i t .  Several  monitoring chambers a r e  located on c r i -  

t i c a l  points  t o  de tec t  soup leaks,  one on e i t h e r  s i d e  of t h e  heat exchanger, 

one on t h e  soup c i r c u l a t i n g  pump cooling o i l  system, one on t h e  D20 off-gas 

system, and one on t h e  stack. 

The instruments and controls  on the power generation equipment are 

On t h e  steam s i d e  these include main heat exchanger water leve l ,  standard,  

steam flow, and a t h r o t t l i n g  calorimeter,  The e l e c t r i c a l  instruments are t h e  

usual voltmeters, ammeters, kilowattmeter, power fac tor  meter, frequency meter, 

and synchroscope 

React ivi ty  Control 

The HRE has a high negative temperature coef f ic ien t  of r e a c t i v i t y  

(.0011 d k / '  C, ORNL-730) so it i s  inherent ly  self s tab i l iz ing ,  and hence does 

not require  a servo system on t h e  regulat ing rod, Any s l i g h t  change i n  re- 

a c t i v i t y  which would require  servo correct ion i n  a low temperature Coefficient 

reac tor  merely causes a small change i n  temperature of t,he HRE. This  l a r g e  

temperature coef f ic ien t  tends t o  make the  reac tor  automatically respond t o  

changes i n  power demand. A change of  stem demand will produce it correspond- 

i n g  change i n  soup cooling i n  the  heat exchanger 80 the  soup temperature w i l l .  

drop f o r  an increased steam demand o r  r ise f o r  a decreased demand, 

temperature change produces a change of 

new demand and t h e  reactor  l e v e l s  o f f  a t  'the new power and t h e  same average 

temperature (all other  k controls  having been l e f t  f ixed) .  

This 

k so t h e  power changes t o  neet  the  

-9- 
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There are th ree  methods provided f o r  varying t h e  r e a c t i v i t y  - con- 

cen t r a t ion  of f u e l  solut ion,  r e f l e c t o r  level., and rods.  These a r e  inter locked 

so k can be increased by only one at a time, The reac t ion  of t he  power de- 

mand through t h e  temperature coe f f i c i en t  might be considered a four th  method. 

Concentration cont ro l  may be explained by reference t o  Figure 6, 

which shows a s impl i f ied  version of t he  soup system, 

correspond t o  those of t h e  complete flow sheet  of  Figure 4. 

dump tank is pumped i n t o  the  core by the  pulsafeeder and l e t  down through tile 

valve operated by a l e v e l  con t ro l l e r  on the  pressur izer .  Thus the re  i s  a con- 

t inuous c i r cu la t ion  at  approximately 1 - 5  gpm between core and dump tanks, The 

c i r c u l a t i n g  pumps give a flow of 100 gprn through t h e  core-heat exchanger loop, 

The s'team evaporator on the  dump tank operates  continuously, evaporating water 

The component numbers 

Soup from t h e  

from t h e  soup i n  t h e  tank. Th i s  r e s u l t i n g  steam i s  condensed and i f  the con- 

cen t r a t e  valve i s  open t h e  condensats r e tu rns  t o  t h e  dunp t-rtnk. 

ne t  change of coneentrat icn i n  the  system under t h i s  condi t ion,  

concentrate and d i l u t e  v d v e s  are clos2d the condensate i s  co l lec ted  i n  t h e  

condensate tanks and t h e  soup i n  the dump tanks becomes more concentrat?d,  

T h i s  i n  t u r n  r e s u l t ?  ia the  core soup becoming more concentrated tince there 

i s  continuous c i r c u l a t i o n ,  To lower concentration the d i l u t e  valve i s  opened, 

dumping t h e  condensate i n t o  the pul:<efeeder intake l i n e  and hence Civing illrriost 

pure water i n t o  t h e  care,  

There i s  no 

If both t n e  

Both concentrate ZniL d i l u t e  valves are t l r n t t l i n g  

The maximum rates  of response tc. concentration control  may be 

r e a d i l y  computed if in i t ia l  and f i n a l  states a r e  known. For d i lu t ion ,  a 

-2.0- 
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. 

fair approximation i s  t o  assume t h e  d i l u t i o n  va;ve i s  f u l l y  open and the  re la t ive 

impedances t o  flow thrcugh t h e  condensate l i n e  and the soup f i l t e r  sre such tliat 

p r a c t i c a l l y  pure water i s  puraped i n t o  t h e  core by the pulsafeeder ,  Then, 

where 

inc L1 uranium i n  t h e  core 

CC = concentration i n  core 

f' =. pumping rate 

V = volume of core system a 75 l i ters .  

Thls gives  

or 



r e s t a r t i n g  before the temperature in te r locks  function. The soup i s  automatically 

d i l u t e d  when-i t  i s  dumped. 

The equations f o r  soup concentration may be set up by a consider- 

a t i o n  of the  mater ia l  balance. With the  concentration and d i l u t i o n  valves 

closed w e  can write: 

f CD - fCc  - v - -  
d t  

where 

CD = dum;: system concentration 

VD dump system volume 

t = t i m e  

B = evapomt,ion rate 

M = t o t a l  uranium i n  t h e  system, assumed as 4 kg. 

Then, 

The solut.ion of this equation f o r  various values of the  parcimeters i s  presented 

i n  the  form of curves i n  Figure 7. 

Tne relatior_ between concentration and k has been computed and i s  

given as Figure 11-1, 3FLNL-730 a 

weighing the  water i n  the condensat,e -Car-ks. 

The concentr5,tion i s  measured indirect1.y by 

Knowing the  i n ’ t i d  c?,,s.rge of 

-13- 
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water and uranyl sulphate t he  concentration i s  r e a d i l y  determined from t h e  water 

hold-up so t h e  weigh instrument may be ca l ibra ted  i n  terms of concentration. As 

a check on the  e n t i r e  soup system, as w e l l  as t h e  concentration instrument, t h e  

soup i n  t h e  dump tarks i s  a l so  weighed. 

i s  not an absolute determination s ince it cannot take i n t o  account any p a r t i a l  

p r e c i p i t a t i o n  and hold-up of f u e l  i n  the system, nor i s  it capable of giving 

rap id  measurements of Concentration i n  the core i t s e l f .  

t h e  reac tor  can be operated safe ly  without knowing t h e  values accurately.  

Th i s  method of determining concentration 

Fortunately, however, 

The b a s i c  r e f l e c t o r  flow sheet i s  given i n  Figure 8. B2Q i s  pumped 

i n t o  t h e  r e f l e c t o r  from t h e  dump tank by means of pulsafeeder pumps. This water 

i s  c i rcu la ted  through t h e  heat exchanger where i t s  heat i s  extracted t o  pre- 

heat  t h e  feed water of the soup heat exchanger. Reflector  l e v e l  i s  maintained 

by a l e v e l  cont ro l le r  by appropriate operation of t h e  pulsafeeder pump and l e t -  

down valve. 

operator.  

Any desired l e v e l  from ha l f  f u l l  t o  f u l l  may be selected by the  

Since t h e  safe ty  p l a t e s  are not e f f e c t i v e  unless immersed i n  t h e  

D2Q, the reac tor  cannot be operated with less than half  f u l l  r e f l e c t o r ,  

s u l t s  presented i n  QRNL-730 ind ica te  t h e  r e f l e c t o r  controls  approximately 

*6$ keffo 

Re-  

The control  rods o r  p l a t e s  cons is t  of th ree  sets; one of 2,54 - d k  
k 

used as a safety;  one of 2.5$ used as a shim; and t b ~ e  t h i r d  having O.@ used 

as a regulat ing rod. These rods may be raised o r  Lowered by constant speed 

dr ives  requir ing two minutes f o r  f u l l  t ravel  one way, thereby giving a maximum 

d k/k rate of l03$/minute, The shim and safety rods are suspended from the  

d r i v e  mechanism with e1ectrsmagnet.s 60 they may be released very quickly. 

The release t i m e  of t h e  magnets i s  - r 7  milliseconds, and the rods are spring 
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loaded to produce an initial acceleration of 5 g. 

rods reach one-third of their total insertion in e 5 0  milliseconds. 

On an emergency drop the 

Nuclear Instrumentation 

The nuclear instrumentation consists basically of the various chambers; 

and associate?. circuitx for monitoring the reactor proper and ~cveral monitrons 

monitoring coEponents. 

reflector BO the neutron flux leaving the core nay be determined with suitable 

chambers, 

Six thimbles are provided through the shielding and 

With the exception of the period amplifier all comporzents of these 

circuits are "standard" units as ised for t h e  MEH (om~-963), and so will not 

be discussed in detail. 

Two fission chambers and associated A-IA pre-amplifiers and A-1 

am2lifiers are provided fo r  count-ing rate measurements from source level 

(-lo-" NF) to -10 

recorder for a log CRM record, while the other w i l l  be connectet! to a scaler. 

The sealer and recorder m y  be interchanged by switches, 

-6 
NFe One of these w i l l .  be connected to a Brown strip 

A compensated chamber is used in conjunction with a log amplifier 

and period amplifier to give Log N and period measurements and safety control. 

The Log I? instrument is 8 Brown recorder covering +,he range LOm6 NE' t.0 NF+ 

The period instrument is an indicating instrument, mounted on the console. It 

gives a usable indication at a f lux of 410-7 ISFq 

HRE (ORNL-730) has indicated that very rapid i.aitive power surges with fast 

positive periods followed by a negative peried will probably occur, 

Mathemtical analysis of the 

It seems 



. 
b 

advisable,  therefore ,  t o  modify the  MTR per iod amplif ier  t o  include a negative 

per iod scram. Thus, if t h e  p o s i t i v e  surge does not last long enough t o  permit 

t h e  safeties t o  a c t ,  the  following negative per iod will scram the  reac tor  and 

prevent an o s c i l l a t i o n  build-up. The negative per iod scram w i l l  e l so  p ro tec t  

t h e  reac tor  aga ins t  a continued r ap id  r ise  of temperature s ince  such a rise 

puts  t h e  reac tor  on a negative period. 

The two PCP boron chambers and t h e i r  ampl i f ie rs  serve as f l u x  i n s t r u -  

ments and safeties a t  t h e  upper f l u x  l eve l s ,  10-3 NF t o  WFa 

i s  fed from both t o  t h e  sigma bus, while the flux l e v e l  i s  recorded on a two- 

The sa fe ty  s igna l  

po in t  Brown recorder.  T h i s  instrument i s  equipped with a second slide wire 

mechanically connected t o  t h e  balancing motor. 

load  of a watt-hour meter so t h e  meter r e g i s t e r  i s  8 record of nvt fo r  t h e  

r eac to r "  

This s l i d e  w i r e  i s  used as t h e  

The monitrocs supervising r eac to r  components are remote chamber u n i t s  

with t h e  chambers loca ted  at various c r i t i c a l  po in ts .  The outputs  are recorded 

on a s ix-point  Brown s t r i p  char t  recorder  and t h e  emergency l e v e l s  ac tua t e  t h e  

appropriete  ccrntaets i n  t h e  sa fe ty  c i r c u i t  as discussed below. QRC-23 End -26 

monitor l.he lieat exchanzer fe r  SOUP le&s. I n  add.ition t o  shut t ing  t h e  r eac to r  

down, t hese  c lose  valves 316~1, 3L6B, 330, 323, and 321, thus i s iAat ing  the 'mest 

exchanger. Ttre s tem drun pruvides enough steam hold-up ( 6 4  srcoilds) ta 

permit vaive 3i6A, 8 quick-closing u n i t ,  t o  c lose  before act ive sttram can bkt, 

ou ts ide  the sh ie ld .  

s a fe ty  c i r c u i t .  

and i n  an emergency dumps t h e  soup. 

+ w 2 4  mri i tors  t he  E$ cff-gas and i s  t iea i n t o  t h e  

WC.-25 cliezks t h e  scup c i r d l a t i n g  p u : ~  351 f o r  a soup 'leak 

& R C - ~ B  p o v i d e s  ove r -a l l  stack suge rv i s iw , ,  
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The chambers which are located in s ide  t h e  sh i e ld  are lead  and bora1 shielded 

t o  reduce t h e  background noise so maximum s e n s i t i v i t y  t o  leaks  may be r ea l i zed ,  

Rod Drive 

The d r ive  mechanisms f o r  t h e  th ree  rods o r  p l a t e s  are iden t i ca l ,  

but  t h e  method of holding t h e  rods differs, The dr ive  i s  a three-phase s q u i r r e l  

cage motor geared t o  a lead  screw. The rod pos i t ion  ind ica tor  cons is t s  of a 

reciprocat ing magnet i n s ide  the pressure thimble, a magnetically operated switch 

on t h e  outs ide of t h e  thimble, and a stepping r e l ay  dr iven panel board ind ica tor .  

The magnet i s  moved back and forth by a can on the lead  screw sha f t  so it 

operates t h e  outs ide switch once each revolution. This switch i n  t u r n  pulses  

a stepping r e l ay  mechanism arranged t o  dr ive  a drum i n  t h e  panel instrument. 

The drum moves a colored tape across the  face of t h e  instrument t o  ind ica te  

t h e  pos i t ion  of t h e  rod. This gives the  rod loca t ion  t o  0,B of i t s  f u l l  

t r ave l ,  o r  for t h e  cont ro l  rod t o  .OO@ d k e f f .  The zero pos i t ion  may be 

checked by the  l i m i t  switch s igna ls  a t  e i t h e r  end of t h e  t r a v e l .  

Process Instruments and Control. -- 

The operation of  the instruments and cont ro ls  w i l l  be discussed i n  

groups on a funct ional  basis rather than individual ly .  Table i surmarizes 

t h e  cont ro l  valve data.. The numerical designetion 3f instruments I s  r a the r  

a rb i t r a ry ,  so the order of t h i s  discussion is wt necessarily t h a t  of i n s t ru -  

as fol lows:  



TABLE l 

CONTROL VALVES 

! 

Body 
Valve Connect ion 

Line No, & Size  

1.05 Welded 3 
106 Welded 3 
11% Welded 3 
113 Welded 3 
114 Welded 3 
2.2OA Welded 3 
12OB Welded 3 
125, Welded 3 
126 Welded 3 
131 Welded 3 
132 Welded -$ 

136 Welded 3 
13'1 Welded -$ 

139 Welded 3 
150 Welded 2 

Location Manual Location 
Flowing Control Moose Pos i t ion  Valve o f  Valve/ Location on Valve T r i m  Mster iah  T r i m  

Body Operator and S ize  Shape Medium S t a t i o n  S t a t i o n  Indica tor  F a i l s  Shie ld  Flow Sheet 

Lower l e f t  cent  - Yes 0 I n  m MA 1/8 S t e l l i t e  = 3  soup On I n s t ,  

0 I n  Lower l e f t  cent  FS Fox 1/22 S t e l l i t e  on/off soup Moore Panel Yes 

FS Fox 1/2 St t o  St on/off soup Moore Panel Yes C I n  Lower l e f t .  cent  

Moore Panel Y e s  C out  Lower l e f t  cent .  FS Fox 3 347 t o  St on/of f soup 

Fox 3 347 t o / o r  St on/off E20 Moore Lossole Yes 0 In Lower l e f t  x n t  FS 

Fs 

FS 

FS 

Fs 

Fs 

FS 

FS 

Fs 

FS 

Mi3 

Fox 

Fox 

Fox 

Fox 

Fox 

Fox 

Fox 

Fox 

Fox 

M3 

3 3k7 t o  S t  

1 2 S t  t o  St 

Spec f a1 

3 347 t O / O P  

3 347 t o  Stel 

3 347 t O / O P  

3 347 t o / o r  

3 347 t O / O P  

3 347 t O / O P  

S t e l l i  t e 

S t e l l i t e  

S t e l l i t e  

S t e l l i t e  

S t e l l i t e  
2 S t e l l i t e  

on/off 

on/of f 

Special  

on/of f 

on/off 

on/of f 

on/off 

on/off 

on/off 

on/off 

Decont 
Wast.e 
Decont e 
Waste 
Gas and 
Steam 
H2° 

P r e t r e a t  
& soup 
soup 
Gas 
Gas 

Gas 

Gets 

Moose 

Moore 

Moore 

Moore 

Moore 

Moore 

Moore 

Moore 

Moore 

Moore & 
Solenoid 

Panel. 

Panel 

Console 

Console 

Panel 

Panel 

Panel. 

Panel 

console 

Panel 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Y e8 

Y e6 

Yes 

Yes 

c 
c 
c 
0 

c 
c 
0 

0 

C 

0 

o u t  

out 

I n  

I n  

I n  

out 

I n  

I n  

I n  

I n  

Lower left-  c en%. 

Lower l e f t  cen t ,  

Upper l e f t  cen t ,  

Lower l e f t  cen t .  

Upper s i g h t  cent 

Lower l e f t  cent .  

Upper l e f t  

Upper l e f t  

Lower l e f t  cent.  

Lower 1 
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TABLE 1 (CONTINUFB) 

Body 

& Size  
Valve Connection 

- Line No. 

407 Screw 3 

438 Screw 

440 Screw 3 o r  

507 Screw 
3/4 

347 Screw 3/41! 

Manual 
Valve T r i m  Material T r i m  Flowing Control 
Body Operator and S ize  Shape Medium S t a t i o n  

MJ3 MH But t e r f ly  

On I n s t .  

MN 37's MN S t a i n l e s s  V-port H20 On I n s t .  

MN 37's MN S t a i n l e s s  V-port H20 

On I n s t .  MN 37's MN S t a i n l e s s  V-port 

MH FFI I/2" s S t e e l  = 41, H20 See 316B 
H2° 

Location 
Pos i t ion  V a l v e  Moore 

-- S t a t i o n  Indica tor  F a i l s  

Yes 0 

- Yes 0 

- No 0 

- No 0 

- No 0 

Valves which are loca ted  i n  high f l u x  regions are operated through a i r  r e l a y s  loca ted  i n  t h e  

Locat i on  
of Valve/ 
Shie ld  

out  

ou t  

ou t  

o u t  

out  

Location on 
Flow Sheet 

Upper l e f t  

- 

Upper r i g h t  cent .  

Upper r i g h t  cent  

Upper right cent .  

Center r i g h t  

D20 compartment t o  prevent release of rad ioac t ive  argon i n  t h e  con t ro l  room. 

-22- 



b . 

F i r s t  Le t te r  

D - Deuterium 

F - FLOW 
G - Speci f ic  gravi ty  

I - E l e c t r i c a l  

L - Level 

P - Pressure 

Q - Act iv i ty  

‘I. - Temperature 

w - Power 

~ollowkna Letters 

A - A l a r m ,  visilal a n d / w  audible 

C - Controller 

. 
/D - Differen t id l  

I - Indicator  

R - Recarder 

Z - In tegra tor  

For sensing eleme!;ts, TC ixldicates a thermccouple and PE a pressu;e element. 

Detailed d a t a  on V I ~ ~ C U E  instruments are given i n  !Pables 2 - 12. Valves are 

ninlt=red accorfing t o  t h c  l i n e  i n  which they a r e  located,  l z t t e r s  A, E, e t c , ,  

being used when a l ine contains m x e  Lhan on? c ~ n t r o i  valve, 

The resgmse times 2f tne instmrrents and valves a r e  not given, s ince 

I n  tn most ewes these will ’be adiusted in tbc  f i e l d  f o r  s a t i s f a c t o r y  control .  

generai, t h e  Foxboro inztrurnents can be adjusted f o r  f u l l - s c a l e  responses ranging 

from 1 t o  12 aecwnds by changing t h e  051 wed. Brown s t r i p  char t  instruments 

-23- 
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. 

normally have a response time of 4.5 seconds, while t h e  c i r c u l a r  c n u t  i n s t r u -  

ments have a response t i m e  of 12 seconds. 

justed from approximately 2 t o  20 seconds by using pos i t ioners  and boosters.  

Valve operating t i m e  may be ad- 

Where emergency conditions require  rapid opening o r  c losing of a valve, a 

solenoid valve located near t h e  main valve i s  used t o  control  t h e  pneumatic 

operator, .  thereby eliminating t h e  delay of a long air l i n e ,  

Pressurizer  Level Control 

T h i s  control  i s  shown schematically i n  Figure 9, and t h e  in-  

strument data i s  summarized i n  Table 2. The notat ion used i n  t h i s  f i g u r e  i s  

comuon t o  a l l  of t h e  control  drawings of t h i s  type. 

component numbers are the same as i n  Figure 4; air  l i n e s  are indicated by 

"A" and e l e c t r i c a l  connections by "E." 

Line numbers and major 

The wavy breaks i n  various l i n e s  

symbolize passage through t h e  shield,  E l e c t r i c a l  junction boxes are shown 

as squares with a l e t t e r  and one o r  more numbers, t+he le t te r  r e f e r r i n g  t o  t h e  

box designation and the  number t o  the p a r t i c u l a r  terminals within t h e  box, 

The l e v e l  control  depends upon detect ing a change of i e v e l  i n  

t h e  pressurizer  by means of a res t ra ined  f l o a t  i n  a side chamber. This  f l o a t  

i s  a sect ion of s t a i n l e s s  steel pi;?e, capped a t  both ends and supported by two 

rods as shown i n  Figure 10. This  construction meets the various spec i f ica t ions  

f o r  a sensing element a t  t h i s  point  i n  the system - s t a i n l e s s  s t e e l  f o r  parts 

contacting l i q u i d ,  high pressure operation, no dead ends which might be d i f f i c u l t  

t o  c l e a r  of pretreatment chemicals, and no mater ia ls  subject t o  rad ia t ion  damage. 

Changes of l e v e l  produce small displacements of t h i s  f l o a t  (approximately 

30 m i l s  f u l l - s c a l e )  which are t ransmit ted t o  t h e  control  instrument by an i n -  

ductance around a small magnetic extension of t h e  f l o a t .  The in2uctance i s  

-24- 
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TABLE 2 

PRESSURIZER LEVEL CONTROLLER 

a 

. 
* 

LRCA-1 

Receiver - Foxboro Dynalog Ci rcu lar  Chart Control ler  f o r  use 
with Wianco c e l l  

range - 0-1 m.v/v 
pen speed - 1 sec. 
cont ro l  - pneumatic-proportional, der iva t ive ,  manual 
char t  speed - 4 hrs .  
cha r t  - 0-100 l i n e a r  
mounting - f lu sh  
adjustments - span and zero 
f a i l u r e  - up-scale 
input  c i r c u i t  - Fig ,  1l.A 

Contacts* 

1 CR - i n t e r lock  (low l e v e l )  
1 CD - alarm (high l eve l )  - F.O. 
Location - panel board 

Transmitter - Schevitz Microformer - MM l e v e l  c e l l  

type - 18 LCT 
range - 0.8 vol t /vo l t - inch  

J. B. Terminals - B, 1-5 

Location - Reactor compartment 

Auxil iary Equipment 

(105) - cont ro l  element - 1/8" SS Be l f i e ld ,  fails  open 

Location - Soup c e l l  

(2 )  - Sdlenoid valve - 1/4" ASCO, fails  open 

J. B. Terminals - Ab, 1-2 

Location - nortn face  of sh i e ld  

* CR - c lose  on rise 
CD - c lose  on drop 
FO - fa i ls  open 
FC - fails closed 

-27 - 
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a microformer connected as a center-tapped c o i l ,  which i s  i n  t u r n  connected i n  

a bridge c i r c u i t  (Figure 1lA) t o  a Foxboro Dynalog c i r c u l a r  char t  cont ro l le r  

and recorder.  

inductance bridge, causing t h e  instrument t o  operate t o  r e s t o r e  balance and 

thus control  l e v e l .  The instrument provides proportional control  t o  t h e  pneu- 

matic operator of t h e  let-down valve, (valve 105 of Figures 4 and 9 ) .  

Motion of t h e  magnetic core attached t o  the  f l o a t  unbalances t h e  

I n  normal operation soup i s  pumped t o  t h e  core from t h e  dump 

tanks at ,approximately 1.5 gpm. 

t he  core system back t o  t h e  dump tanks. 

corresponding changes i n  l e v e l  i n  the  pressurizer  due t o  expansion of the 

For a constant l e v e l  t h i s  must be bled from 

Changes i n  reac tor  power w i l l  cause 

l i q u i d  and t o  var ia t ions  i n  t h e  gas formation, These l e v e l  changes cause t h e  

c o n t r o l l e r  t o  ad jus t  t h e  t h r o t t l i n g  of t h e  let-down valve t o  compensate f o r  

them. Thus, f o r  example, increased gas formation forces  more l i q u i d  i n t o  t h e  

pressurizer ,  t h e  let-down valve opens more, allowing t h i s  e x t r a  gas t o  go 

through and thus r e s t o r e  l e v e l  t o  the  proper valve. 

The l e v e l  f l u c t u a t e s  wi th  each s t roke of t he  pulsafeeder pump 

so t h e  instrument and valve are purposely slowed so they w i l l  not respond t o  

these  pulses.  

l a t i o n s .  Some e r r o r  i s  introduced by temperature e f f e c t s ,  both by change of 

Too much delay -xi11 produce enough phase s h i f t  t o  cause o s c i l -  

densi ty  of t h e  l i q u i d  and t o  a l e s s e r  extent by change of the  modulus of t he  

float-supporting rods. Fortunately, the  absolute l e v e l  i s  not o r i t i c a l ,  so 

t h i s  temperature e f f e c t  i s  not ser ious,  If at seine later date nore accurate 

indicat ion of absolute l e v e l  i s  desired a tc.ry>erature correct ion may be in-  

serted i n  the c i r c u i t ,  

The let-down valve i s  not used normally f o r  a n  emergency dump 

of t h e  soup, but  i s  used t o  back up the inain dump valve. T h i s  i s  accomplished 
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Fig I I A -  Input  Circu i t  

, osc. 
RANS. 

D.C. BALANCE 
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T R A N S M I T T E R  PH A s I NG 
RESISTOR 

- TO AMP. 

Fig. If B- Input Circuit 
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Fig. t t C -  Input Circu i t  
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Fiy. 11 D- Input Circuit 
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by t h e  solenoid valve designated as 2 i n  Figure 9 .  

w i t h  t h e  main dump valve 80 i f  t h e  la t ter  fails  t o  open on an emergency s ignal ,  

valve 2 operates t o  open t h e  let-down valve, thereby dumping the soup through 

it. 

This valve i s  interlocked 

Soup Pressure and Oxygen Feed 

Figure 12 and Table 3 show the  e s s e n t i a l  fea tures  of t h i s  phase 

of t h e  reac tor .  

t h e i r  controls  are SO i n t e r r e l a t e d . t h a t  they are t r e a t e d  together.  

While pressurizat ion and oxygen feed serve d i f f e r e n t  functions 

Pressurizat ion i s  provided by heating the  solut ion i n  t h e  upper 

p a r t  o f  t h e  pressur izer  by means of a steern jacket ,  

then determined by the vagor pressure of t h e  solut ion,  so by cont ro l l ing  the  

solut ion temperature the pressure may be control led,  Vapor pressurizat ion 

i s  preferable  t o  a gas pressurizat ion system as it prevents t h e  accumulation 

of an explosive mixture of hydrogen and oxygen i n  the  pressurizer .  

accumulation would be p o t e n t i a l l y  one of tile most dangerous conditions i n  

The system ;?ressur? ! s 

Such an 

which t h e  reac tor  could be placed. 

pressurizer  i n t o  the vortex and very closely approach a s tep  increase i n  

corresponding i n  magrAtude t o  t h e  k 

value of t h e  soup i n  t h e  core. I n  the region i n  which the  reactor  will operate 

t h e  vapor pressure changes so rapidly with temperature t h a t  pressure rather 

than temperature control  i used. Consequently, t h e  heaters  of  t h e  10 kw 

b o i l e r  are switched on and off by the  pressurizer  pressure cont ro l le r  t o  main- 

t a i n  the  correc-t vapor pressure. 

t h a t  t h e  wattace being switcried can be set rnmually t o  minimize pressure 

f luc tua t ions  

An explosion would dr ive  f u e l  from the  

k 

value of t h e  vortex plus  t h e  compessive 

TLese heatc-:s are sc ccnnected e l e c t r i c a l l y  

-31.- 



DWG. 43306 

A-CLOSE ON RISE TO OPERATING PRESSURE 
8-CLOSE ON RISE ABOVE OPERATING PRESSURE E' 

-w-- 
1 

Fig , 12- Pressurizer 

- 32- 



TABLE 3 

SOUP PRESSURE 

V 

, 

Receiver - Foxboro D p a l o g  Circular  Chart  Controller f o r  use with 
Baldwin c e l l  

range - o - 1 m,v./v 
pen speed - 3 sec. 
control  - e l e c t r i c ,  on-off 
char t  speed - 24 hours 

mounting - f l u s h  
adjustments - adjustable  zero 
f a i l u r e  - upscale 
input c i r c u i t  - Figure 1 1 D  

char t  - 0 - 2000 

Contacts : 

1 - CR - in te r lock  (low) 
1 - CR - bleed valve 
1 - CR - bleed valve 
1 - CD - a l a r m  (high) 

Location - Panel Board 

Transmitter - Baldwin s t r a i n  c e l l  0 - 2000 p s i  

range - 1 m.v,/v 2000 p s i  
type - special ,  s i m i l a r  t o  Type C 
J. B o  terminals - B, 6 - 10 

Location - Pressure c e l l  

Auxiliary Equipment 

Sylphon i n  l i n e  701 
De-gas valve - spec ia l  Spl ine plug - Fulton Sylphon F. C. 
Location - soup ce l l  
Solenoid valve - l /k" Asco - F.C. 
J. B. terminals 
Location - north face  of s h i e l d  
Moore manual s t a t i o n  
Location - control  room 
Special  valve - F.C. 
Special  valve - F,C, 
Solenoid valve - 1/4" Asco - F.C, 
J.B. terminals A ~ ,  53 - 54 
Location - north face  of 8hield 

36 - 37 
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TABLE 3 (CONTINUED) 

i 

Auxiliary Equipment 

( 9 )  Moore manual s t a t i o n  

(13) Moore manual s t a t i o n  

(15) 

Location - control  room 

T,cr-tion - cont ro l  room 
Autoclave check valve i n  l i n e  712 

LC-48 - 
Receiver - 3 - 15 p s i  gage 4-1/2", scale 0 - 100 

Transmitter - Brown air  output DIP c e l l  

range - O - 20 - 600~1 water 

Location - D20 c e l l  

Auxiliary Equipment 

( 5 )  - Seal  pot  Couple t o  10 kw b o i l e r  
(6) - Seal pot 

(10) - 1/8" Hoke 
(11) - 1/81' Hoke 
(16) - 2H air switches - 3 - 1.5 p s i  (J.B. A 1  30 - 33) 

~106 pipe nipple 
Mount c lose  as possible  t o  rece iver  
Provide extension handle 

1 - CR (Level) - in te r lock  (hea ter )  

1 - CD (Level) - in te r lock  (heater)  

PCA20 - 
Receiver - Mercoid pressure switch (0  - 2000 p s i )  

Contacts: 

1 CD - in te r lock  (pickup a t  annunciator panel) 
1 CD - a l a r m  

Location - near LC-48 

J O B .  - A1 - 20, 21 

Receiver - Brown Circular  Chart Recorder 

range - O - 300° c 
pen speed - 24 see. 
control  - electric on-off 
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TABLE 3 (CONTINUE3) 

Re c e i ver 

t 

d. 

a 

l- 

chart speed - 24 hr/rev 
chart - 0 - 300 
mounting - flush 
adjustments - front set 
failure - F.U. 

Contacts : 

1 CR alarm F.O. 
1 CD al&m 
1 CD control 

Location - panel board 
Transmitter - I.C. thermocouple - 

T. 6 .  well designed in pressurizer 

J.B. - c1 - 51, 52 

PA-87 

Receiver - 0 - 1500 psi Mercoid pressure switch 

Location - north face of shield 
Contact : 

l 6R alarm 

J-B. A1 - 5 5 ,  56 

PC-86 

Receiver - 0 - 1500 psi Mercoid pressure switch 

Location - pressure cell compartment 
Contact - SPDT 

J.B. AI - 48 - 50 

Auxiliary Equipment 

(14) Solenoid valve - 1/4" Asco F.C. 

J. B. Terminals Al - 51, 52 

Location - north face of shield 
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The pressurizer  can become gas-bound so the  vapor pressure does 

not control  t h e  t o t a l  pressure.  Mock-up tests have demonstrated tha t  t n e  vapor 

control led region i s  a r a t h e r  t h i n  layer (a  f e w  inches) j u s t  above t h e  so lu t ion  

surface when appreciable gas i s  present.  The bleed valve i n  l i n e  125 and i t s  

controls  are provided t o  care  f o r  the gas, e i t h e r  oxygen from t h e  oxygenating 

system o r  decomposition gases from the  solut ion,  A thermocouple i n  t h e  top 

of t h e  pressuriz,er senses t he  temperature, and through TRC-29 uses t h i s  t e m -  

perature  t o  bleed o f f  the  gas through valve 125, The s t r a t i f i c a t i o n  of the  

gas and vapor w i l l  cause the  thermocouple temperature t o  be below t h a t  correspond- 

ing  t o  desired vapor pressure,  

gas binding. 

valve should be closed so  t h e  temperature-controlled contacts  of TRC-29 are 

connected i n  series with pressure-controlled contacts of PRCA-2 so valve 125 

opens automatically only when t h e  pressure i s  cor rec t  and the  temperature is 

106~’~ Obviously, the  temperature control  point  of TRC-29 must be set t o  corres- 

pond with the pressure control  point  of PRCA-2. 

sa fe ty  relief valve, opening when PRCA-2 ind ica tes  an abnormal pressure.  

This  causes valve 125 t o  open and r e l i e v e  the  

When %he system i s  being brought up t o  operating pressure t h i s  

Valve 125 a l s o  serves as a 

The 10 kw b o i l e r ,  i t e m  63, i s  protected by instruments ~ ~ 4 8 .  

Bnd P620, t h e  first fo r  water l e v e l  and t h e  second for  pressure protect ion.  

Both of these a r e  loczted ins ide  the  s h i e l d  f o r  safety,  s ince a leak from the  

pressurizer  i n t o  the steam jacket would make them qui te  hot.  LIA48 i s  a 

Foxboro d i f f e r e n t i a l  pressure c e l l  with air  Gutput operating the  three switches. 

Since it i s  ins ide  t h e  shieldtkree e l e c t r i c a l  s igna ls  are brought outs ide,  The 

intermediate point  i s  t h e  f i l l  point,  while high and low contact,s are connected 

i n  t h e  heazer control  c f r c u f t  so t h e  hea ters  cannot operate i f  the w a t e  i s  low 
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o r  i f  t h e  b o i l e r  has been over - f i l l ed ,  PC2Q i s  a 15QQ p s i  pressure switch a l s o  

connected i n  the  hea ter  c i r c u i t  t o  prevent over pressure operation. Thus, 

subject  t o  permission from water l e v e l  and pressure instruments t h e  b o i l e r  

hea te rs  may be switched as demanded by t h e  pressur izer  temperature. 

Oxygen i n  t h e  so lu t ion  i s  necessary f o r  chemical s t a b i l i t y ,  so 

a means must be provided f o r  introducing oxygen when t h e  reac tor  i s  operated 

at  such a low power level that it does not generate i t s  own, This i s  cared 

f o r  by t h e  oxygen feed arrangement shown in Figure 12, Oxygen is  metered i n t o  

t h e  system by valve 3 from t h e  intermediate gas storage.  This flow i s  measured 

with a d i f f e r e n t i a l  pressure c e l l  across  an o r i f i c e ,  t h e  c e l l  i n  t u rn  being 

connected t o  a recorder and cont ro l le r .  The oxygen flows i n t o  t h e  surge tank, 

and an equilibrium l i q u i d  l e v e l  will be reached when t h e  absorption of t he  

l i q u i d  surface and f a l l i n g  spray balances the  feed rate. 

s t a b i l i t y  requirement of approximately 25 ppm, t h e  oxygen f e e d . r a t e  w i l l  be 

To meet the  estimated 

adjus tab le  over a range of 1 t o  15 celminute a t  operating pressure,  

The double valving connection i n  t h e  oxygen system i s  provided 

f o r  a c t i v i t y  sa fe ty ,  The intermediate cyl inder  i s  kept charged by t h e  pressure 

switch and valve 3.  T h i s  switch closes  valve 2 before  opening valve 3,  so  

during the  brief charging i n t e r v a l  t h e  oxygen supply t o  the reac tor  i s  shut 

o f f .  Two oxygen suppl ies  are manifolded t o  t h e  system with a Low pressure 

a l a r m  as pro tec t ion  aga ins t  f a i l u r e  of the oxygen mpply0 

Soup Circulat ion and Heat Exchanger 

The instrumentation on the mixi soup c i r cu la t ing  system, including 

t h e  pump and heat  exchanger i s  shown i n  Figure 13, with spec i f ica t ions  i n  Table 4. 
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TABLE 4 

TIA-4 

Receiver - Brown Circular Scale Contact Controller 

range - 0-3ooo c 
pen speed - 4-1/2 sec. 
char t  speed - 24 hr .  
char t  - 0-300 l i n e a r  
mounting - f l u s h  
adjustments - f r o n t  set 
f a i l u r e  - fails  upscale 

Contacts: 1 CR in te r lock  ( d i f f e r e n t i a l  adjustment) 
1 CD (F.O.) ( d i f f e r e n t i a l  adjustment) 

Location - panel board 

Transmitter - I . C .  thermocouple i n  l i n e  101 

Receiver - Brown S t r i p  Chart Recorder 

range - 0-3 mv. 
pen speed - 2k sec.  
char t  speed - 10 inehes/hr, 
char t  - 0-100 l i n e a r  
mounting - f lush  

Location - panel board 

Transmitter - I.C. T.C. l i n e s  101, 102 

Auxiliary Equipment 

LRC-8 

- 1  contact T.C, Bdaptor ( as built, ,  insulated)  

Receiver - Brown C.C+ Recorder and Controller 
Inductance bridge type 

range - 0-20" H20 
control - pneu-prop-reset-manual 
char t  speed - 24 hr/ rev 
chart  - 0-20 l i n e a r  
mounting - f lush  
adjustments - f r o n t  set 
f a i l u r e  - F,U, 
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TABLE 4 (CONTINUED) 

LRC-8 (Continued) 

Contacts: None 

Location - panel board 

t 

' 

J 

Junction box: A1 - 17 
Transmitter - Brown Hg manometer 

- 19 

inductance t ransmi t te r  

range - 0-20" H20 

Location - compartment i n  west face  of sh ie ld  

Auxiliary Equipment 

(7)  & (8) seal pots  
( 3 )  & ( 4 )  

(2) 
1/81! Hoke valves w i t h  extension handles 
1/4" ASCO solenoid valve (north face  of shield)  

(309) control  element MH 1" valve (F,C,) ( loca t ion  i n  trench) 
J.B- A~ - 5 - 6 

~ u - 1 6  

Receiver - Symplytrol Pyrometer w i t h  automatic reset 

range - 0 - $ 0 0 ~  F 
mount - f l u s h  

Contacts: 1 CD alarm 

Location - control  room 

Transmitter - I . C .  couple with surface temp. adaptors 
JOB. C 1  - rC3-44 

ICA-22 

Receiver - G.E. Under current  r e l a y  

range - 0-5 amps 
mount - f l u s h  i n  draw-Gut case 
type - IAC-55 

Contacts: 1 normally closed - in te r lock  
1 normally closed - alarm 

Location - panel board 

Auxiliary Equipment - current transformer loo/$ amps 

( r e l a y  purchased as over current> changed t o  under current)  
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TABLE 4 (CONTINUED) 

I C A - ~ ~  

Receiver - G.E. Over current  r e l a y  

type - PJC 
range - 5 amps 
mount - w a l l  mount 

Contacts: 1 N.C. in te r lock  
1 N.C.  alarm 

Location - panel board 

11-36 

G.E. Ammeter 

range - 0-5 amps 
sca le  - 0-100 amps 

PA-19 

Receiver - MH pressure switch 

range - 0-300 p s i  

Contacts: 1 CD a l a r m  

Location - soup o i l  pump compartment 

J.B. A1 - 40, 41 

PCA-72 

Receiver - Mil pressure switch 

range - 0-300 p s i  

Contacts: 1 CR in te r lock  
1 CR alarm 

Location - soup o i l  pump compartment 

J.B. A1 - 42, 43 

PC-21 

Receiver - MH pressure switch 

range - 0-150 p s i  



t 

TABLE 4 (CONTINUED) 

PC-21 (Continued). 

Contacts: 1 CR in te r lock  

Location - south face of sh ie ld  

Auxiliary Equipment - 150 p s i  b rass  needle valve, l i n e  802 

PI-38 - 
Receiver - 6" Clapp 0-300 p s i  

Location west face  of 
6. 

s h i e l d  

Auxiliary Equipment - ( 5 )  1/8" Hoke valve 
(6) 1/8" Check valve 

LI-73 - Sight  Glass 

Location - west face  of sh ie ld  
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The measureriients on the  soup i t s e l f '  are confined t o  temperature 

determinations by therniocouples i n  wel ls  welded t o  t h e  Kain f l o w  pipes.  T I 4  

gives an ind ica t ion  of t he  temperature of t he  soup as it leaves t h e  reac tor .  

Both o u t l e t  and i n l e t  soup temperatures are recorded by TRA-3, which i s  a 

multipoint Brown s t r i p  char t  recorder.  The other  two thermocouples on t h e  soup 

l i n e s  are connected d i f f e r e n t i a l l y  t o  WR5, a Brown c i r c u l a r  recorder with an 

in t eg ra t ing  attacnment. 

pera ture  i s  a measure of power so  WR5 i s  ca l ib ra t ed  t o  read del ivered reac tor  

power a 

Since t h e  soup flow i s  constant,  t h e  d i f f e r e n t i a l  t e m -  

The in t eg ra to r  associated w i t h  WR5 i s  a watt-hour meter connected 

t o  a second potentiometer i n  t h e  recorder,  as shown by Figure 14. 

potentiometer is mechanically connected t o  the balancing m t o r  of the recorder 

so i t s  pos i t ion  corresponds t o  t h a t  of t h e  recorder pen, 

a constant applied voltage, obtained from the regulated instrument sugply source, 

t h e  watt-hour meter w i l l  r e g i s t e r  t h e  t o t a l  del ivered energy of t he  r eac to r .  

The a r m  of t h i s  

It i s  seen t h a t  f o r  

Variations i n  soup flow may be detected by e l e c t r i c a l  measure- 

ments made on t h e  pump motor, s ince  any change of pumping load w i l l  r e f l e c t  as 

a change i n  motor current .  This cur ren t  i s  indicated on an ammeter designated 

i n  Figure 13 as 1136. Undercurrent and overcurrent are sensed by the  current  

re lays ,  ICA22 and 1 ~ ~ 1 6 .  

c i r c u i t ,  as discussed later, so abnormal conditions w i l l  shut t h e  reac tor  down. 

Gas binding of t he  pump, shaf6 breakage, o r  any other  t rouble  which would remove 

t h e  pump load but  allow t h e  motor t o  continue t o  run, would cause a drop i n  

cur ren t  and ac tua te  t h e  undercurrent r e l a y ,  

which would s top or even appreciably slow down t h e  motor while voltage i s  s t i l l  

appl ied would cause an increase of motor current  and the overcur ren t . re lay  would 

Both of these are connected i n t o  the  reac tor  cont ro l  

Any t rouble ,  such as shaft binding, 
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function. Both of these relays are quick operating, Thus, no stoppage of soup 

flow can occur without t h e  reac tor  shut t ing  down and consequently no ser ious over- 

. heat ing can occur from t h i s  cause. 

The pump motor i s  oil-cooled and will quickly overheat i f  the re  

Over and under pressure switches PA19 and 72 is  any in t e r rup t ion  of o i l  flow. 

on t h e  de l ivery  l i n e  of t h e  o i l  pump provide alarm s igna ls  i f  t rouble  occurs 

i n  t h e  o i l  system. 

a l a r m  t o  funct ion while plugging of t h e  o i l  l i n e  or  sludging i n  t h e  o i l  w i l l  

cause t h e  high pressure alarm t o  operate.  The cooling water supply i s  inter locked 

through pressure switch PC21 t o  t h e  soup c i r cu la t ing  pump motor so t h e  pump can- 

O i l  pump f a i l u r e  o r  low o i l  l e v e l  w i l l  cause t h e  low pressure 

not be started i f  cooling water i s  not flowing. 

be checked by s l i g h t  g l a s s  LIT3 by opening t h e  valves connecting t h e  g l a s s  and 

reservoi r .  

ou ts ide  of t h e  sh i e ld  even i f  a leak  from t h e  soup system i n t o  the  cooling o i l  

does occur. 

r a d i a t i o n  decomposition of t h e  o i l .  

O i l  l e v e l  i n  t h e  reservoi r  may 

These valves are normally closed so rad ioac t ive  material cannot ge t  

Pressure gage ~ 1 3 8  gives  an ind ica t ion  of any gassing due t o  

The c i r cu la t ing  pump motor i s  f u r t h e r  protected by a Simplytrol 

over-temperature alarm, ~ ~ 1 6 ,  operating from a thermocouple on t h e  motor casing, 

The water l e v e l  i n  t he  main heat exchanger i s  indicated ana coil- 

t r o l l e d  by L I C ~ .  

and a pneumatic con t ro l l e r .  

a t  t h e  instrument so l e v e l  o r  rate of f i l l  may be cont ro l led  manually. 

t r o l l e r  operates  t h e  feed water valve i n  l i n e  309 t o  regula te  t he  supply from 

the feed water pump. However, t h i s  cont ro l  may be overridden and t h e  valve 

closed i f  excess a c t  v i t y  i s  detected i n  t h e  steam. 

t h e  solenoid valve i n  t h e  air  l i n e .  

This instrument cons i s t s  of a Brown d i f f e r e n t i a l  pressure c e l l  

The cont ro l  point  of t h e  instrument may be adjusted 

The con- 

This  i s  accomplished through 

The operat ion of the monitor c i r c u i t s  w i l l  
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be discussed i n  a later sect ion.  

. 

Concentration 

The determination of concentration i n  the  soup system i s  great. ly 

complicated by t h e  nature  of t h e  so lu t ion  and system - a high pressure system 

containing a very rad ioac t ive  so lu t ion  which i s  gassing r a t h e r  f r ee ly .  A 

measurement scheme which may solve one d i f f i c u l t y  general ly  fails  t o  meet some 

other  necessary spec i f ica t ion .  

The mct,hod used f o r  t h e  HRE i s  somewhat i n d i r e c t  and i s  subject  

t o  c e r t a i n  e r ro r s .  The general  operation of t he  concentration control. has been 

discussed i n  connection w i t h  r e a c t i v i t y  control, and schematic diagram of t h e  

ac tua l  measuring system i s  given i n  Figure 15. The condensate tanks m e  sus-  

pended from a Baldwfn weigh c e l l  which i s  i n  t u r n  connected e l e c t r i c a l l y  t o  

a Foxboro ind ica tor .  The spec i f ica t ions  f o r  t h i s  instrument are given i n  

Table 5 

The soup dump tank l eve l  measurement serves as a l i q u i d  balance 

check on t h e  concentrat,ion ca lcu la t ions .  A Leak, whether due t o  s t ruc tu ra l  

f a i l u r e  or t o  a valve leakage t o  t h e  outer  dump tanks, w i l l  r e s u l t  i n  ar? e r r o r  

i n  concentration values. A leak  out of  t h e  system should be detected promptly 

by one of t h e  a c t i v i t y  noni tors ,  but one fn to  tlic outer tanks would na t  show 

up except as a l o s s  of l e v e l  i n  t h e  system. 

regular  dump tanks the  level ind ica tor ,  L114, serves as a check on t h e  t j o t a l  

soup i n  the  system. When the  r eac to r  i s  operating, ':,his instrument i s  not a 

When the  soup i s  dumped t o  t h e  

very reliable monitor s ince  t h e  amount of soup i n  t h e  core w i l l  f l u c t u a t e  with 

power (and hence passing). 

The l e v e l  instrument cons i s t s  of a Wianco var iable  inductance 

t ransmi t te r  corinected t o  a Foxboro instrument. A srnlzll s ide  chamber connected 
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TABLE 5 

LR-14 

Receiver - Foxboro Dynalog C . C .  Recorder f o r  use with Wianco c e l l s  

range - 0-1 mv/v 
pen speed - 3 see ,  
char t  speed - 24 h r / r ev  
cha r t  - 0-100 l i n e a r  
mounting - f lu sh  
adjustments - span and zero 
ingut  c i r c u i t  - Fig. 1 l A  

Location - panel board 

Transmitter - Wianco c e l l  ( type 3FAl5) 

Location - soup e e l 1  

J.B. B1 - 26 - 30 

L I  -11 

Receiver - Foxboro C , C ,  Indica tor  for use with Baldwin Load Cell 

range - 0-6 1/2  ntv/v; 0-150 kg 
pen speed - 3 sec ,  
mounting - f lu sh  
adjustments - zero ad jus tab le  t o  500 pounds 
input  c i r c u i t  - Fig. l 1 C  

Location - paneb board 

Transmitter - Baldwin tension load c e l l  ~ 

2 " lead sh ie ld  

range - 0-130 kg 
J. B *  B~ - 21 - 25 

.I 

Location - soup c e l l  
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t o  the dump tanks by tubes serves as a weigh tank suspended from the Wianco u n i t .  

Thus, l e v e l  i s  determined by weighing t h e  l i q u i d  i n  t h i s  s ide  tankd 

Soup O f f  -Gas Recombher 

The soup off-gas recombiner system is  given i n  Figure 16. Ref- 

erence t o  Figure 4 w i l l  shov t h a t  t h i s  i s  a d e t a i l . o f  t h e  system between t h e  

soup off-gas condenser and t h e  cold t r a p s ,  

presented i n  Table 6. 

The instrument spec i f ica t ions  are 

The flow of gas and steam t o  t h e  flame recombiner i s  metered by 

a Foxboro d i f f e r e n t i a l  pressure c e l l  and Dynalog con t ro l l e r  across t h e  o r i f i c e .  

This flow i s  used t o  control  t h e  cooling water t o  the  off-gas condenser t o  pre-  

vent flash-backs from t h e  recombiner .to t h e  condenser. 

ve loc i ty  i n  l i n e  116 i s  high enough t o  prevent a flash-back, but  at  low gas 

flows it i s  necessary t o  increase t h e  steam content ,  

decreasing t h e  cooling water t o  t h e  condensers, The absolute  pressure i n  t h i s  

l i n e  i s  recorded by PR-78, cons is t ing  of a Baldwin pressure c e l l  and a Foxboro 

A t  high gas flows t h e  

This is  accomplished by 

c i r c u l a r  char t  recorder ,  

The only other  instrument control  on t h e  recombiner system i s  

temperature cont ro l  of t h e  cooling water t o  t h e  flame recombiner, 

a t u r e  of t h e  gas between the flame and c a t a l y t i c  recombiners i s  sensed by a 

thermocouple which i s  connected t o  a Brown con t ro l l e r  (TRC-6) which e f f ec t ive ly  

maintains t h e  cor rec t  steam and gas flow t o  the c a t a l y t i c  u n i t .  

The temper- 

Numerous temperatures may be determined with thermocouples in-  

d ica ted  as T I l 7 ,  which a r e  connected t o  a 48-point Brown prec is ion  ind ica tor .  

I n  addi t ion,  t h e  flame recombiner temperature i s  recorded on TRA-3. 

various temperatures i n  conjunction with the  cooling water flow meters, FI84 

and FI  58, w i l l  fu rn ish  data f o r  ca lcu la t ion  of t h e  gas recombination rate. 

These 
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TABLE 6 

PR-78 

Receiver - Foxboro Dynalog C . C .  Recorder f o r  use with Baldwin pressure c e l l  

range - 0-1/4 mv/v 
pen speed - 1 sec.  
char t  speed - 24 hr / rev  
char t  - 0-50 p s i  
mount - f lu sh  
adjustment - zero 
input  c i r c u i t  - Fig. 11D 

Location - panel board 

Transmitters - Baldwin pressure c e l l  

range - 0-200 p s i ,  0-1 mw 

Location - pressure c e l l  compartment 

J.B. B1 - 46 - 50 

Receiver - Foxboro Dynalog C.C.  Recorder Control ler  

range - 0-20" 
pen speed - 3 see.  
char t  speed - 24 hr/rev 
cont ro l  - pneu, prop, reset, manual 
mounting - f lush  
char t  - 0-20" 
adjustments - f r o n t  set and zero 
f a i l u r e  - f a i l  downscale 
input  c i r c u i t  - Fig. 11D 

Location - panel board 

Contacts: 1 CD alarm 

Transmitter - Foxboro D/P c e l l  

range - 0-20" 

Location - l i n e  116 (soup c e l l )  

J ~ B .  B~ - 51 - 55 

Auxiliary Equipment - (1640) Control element MX valve (F.O.) 
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TABLE 6 (CONTINUED) 

FI -83 

12 gpm water meter 

Location - l i n e  441 

FI -85 

12 gpm water meter 

Location - l i n e  511 

TRA-3 

(See Table 12) 

TRC-6 

range - 0-400' C 
pen speed - 12 sec.  
cont ro l  - pneu, prop, reset, manual 
char t  speed - 24 hr / rev 
char t  - 0-400 l i n e a r  
mount - f lu sh  
adjustments - f r o n t  set 
f a i l u r e  - upscale 

Contacts: 1 CR alarm 
1 CD alarm 

Location - panel board 

Transmitter - I . C .  couple w i t h  T.C. weld l i n e  142 
J.B. C 1  - 47, 48 

Auxiliary Equipment - (438) MV valve control  element (F.O.) 

FI-58 

12 gpm water meter 

Location - l i n e  438 
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The pressure i n  t h i s  system i s  control led by t h e  mercury l e v e l  

t h e  seal pot shown i n  Figure 4 between the charcoal t r a p s  and t h e  s tack fan,  

normal operation the vacuum pumy, i s  not i n  operation, 

Reflector  Pressure and Levcl 

The r e f l e c t o r  i s  pressurized wi th  helium t o  a value s l i g h t l y  

i n  

For 

(approximately 50 p s i )  above the core pyessure by t h e  d i f f e r e n t i a l  pressure con- 

t r o l l e r ,  PRCA/D 10, Figure 17. 

nected e l e c t r i c a l l y  t o  PRCAID LO, a Foxboro Dynalog pressure cont ro l le r .  

pneumatic control  s ignc l  from t h i s  instrument i s  applied t o  valves 2 6 7 ~  and 270, 

Helium i s  supplied from cyl inders  manifolded t o  l i n e  267 a t  t h e  r i g h t  of 

Figure 17. 

between core and r e f l e c t o r  will apply air  t o  valve 2 6 7 ~  or  270, depending upon 

t h e  d i r e c t i o n  of the  d i f f e r e n t i a l .  

2 6 7 ~  t o  open and admit helium t o  t h e  r e f l e c t o r  space through t h e  control rod 

housings ( s e e  Figure 4) e 

helium from the  r e f l e c t o r  t o  the  dump tanks. 

Two Baldwin pressure c e l l s ,  4 and 5, are con- 

The 

A pressure d i f f e r e n t i a l ,  o ther  than t h e  set-point  of t h e  instrument, 

Low r e f l e c t o r  pressure w i l l  cause valve 

Excess r e f l e c t o r  pressure opens valve 270 and bleeds 

The requirements f o r  proper pressure.contro1 during a dump of re- 

f l e c t o r  or  core are not met by t h e  bas ic  control  j u s t  outl ined. The two helium 

control  valves are necessar i ly  small t o  give su i tab ly  f i n e  control,  and hence 

cannot pass helium rapidly enough t o  keep pressures equalized during a dump. 

Actually, these valves have a Cv of .07 and t h e  equation for  valve flow, 

Q =  61 CVJ- Y 

G 
may be applied t o  get  maximum flow. I n  t h i s  equation, Q i s  flow i n  scfh, PI 

and P2 are pressures on e i t h e r  side i n  ps i ,  and G i s  t h e  s p e c i f i c  gravi ty  of 

the gas referred t o  air .  
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'TABLE 7 

. 

. 
.. 

Receiver - To be supplied (scoge j  

Transmitter - Nianco pressure cell - 
rsnge - 9-2900 p s i  
J . B .  13-21 - 35 

Locsti on - r eac to r  cou:part.ment --- 
PI -80 

Location -' cont ro l  room 

Auxiliary Equipment - (12) 1/81' Hoke valve, l i n e  882 

PA -47 

Receiver - Mercoid pressure switch 0-1500 p s i  (CD)  

Locatsion - north face  of sh i e ld  

Contact: 1 CD high alarm 
J . B ~  A~ - 7, 8 

PA-76 

Receiver - Mercoid O-l5OO p s i  p re s s ,  switch 

Location - nort,h f ace  of s h i e l d  

Contacts: 1 CR low alarm 
J c B o  A1 - 9, 10 

Auxi 1 i a r y  Equipment, 

PRCA /D - io 
- (10) 1/8" Hoke valve, l i n e  818 

Receiver - Foxboro Dynalog C . 6 ,  Recorder Control ler  

range - 50 t o  9 150 p s i  
pen speed - 3 sec. 
contmal - pneu, prop, der iva t ive ,  manual 
chart+ speed ~ 24 hr / rev 
cha r t  - ~ C I  t o  + 150 l i n e a r  
mount - f l u s h  
adjustments - zero 
f a l l u r e  - upscale 
input c i r c u i t  - Pig ,  11D 
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TARLE '7 (COMTINUED) 

PRCA/D-10 (Continued) 

Contacts: l CD in t e r lock  F.O. 
1 C R  alarm F.O. 
1 A i r  switch c loses  on pressure rise-alarm 

Location - panel board 

Transmit ters  - (4)  & ( 5 )  Bsldwin pressure c e l l s  

range - 0-2C00 ps i  
J O B .  B l  - 11 - 20 

Location - pressure c e l l  compo 

Auxiliary Equipment - Sylphons i n  l i n e s  700 & 729 
(267-A) cont ro l  element - M.N 108 

Location - north face  of sh i e ld  

(2703 contzol element - 1/8" Bel f i e ld  (F.O.) 

LRC -12 

Receiver - Foxboro COCO Recorder Control ler  f o r  use with Foxboro DIP c e l l s  

range - 0-20, 0-30 inches H20 
pen speed - 3 sec ,  
cont ro l  - pneu, prop, r e s e t ,  manual 
chart speed - 24 hr/rev 
chart- - 0-100 l i n e a r  
mounting - f l u s h  
adjustments - span & zero 
f a i l u r e  - upscale 
input c i r c u i t ,  - Fig. llB 

Contacts: 1 CD int.erlock 
2 CR A i r  switch (FOG,) i n t e r lock  (move with cont ro l  po in t )  
1 CR in te r lock  (ha l f  f u l l  po in t )  

Location - panel board 

Transmitter - (6) Foxboro 30" D/P c e l l  

Location - south face  of D20 c e l l  
J .B .  B1 - 36 - 40 



TABLE 7 (CONTINUED) 
LRC-12 (Continued) 

Auxiliary Equipment gas chamber (1 1/2" SS pipe, 12" long) 
1/8" Hoke valve, extension handle 
control  element - 1/8" Belf ie ld  (F.O.) 

Mounting Dimensions: 
t o  top of D/P c e l l  - 5 1 ~ 1 6 ~ ~ :  top of DIP c e l l  t o  
f u l l  l e v e l  - 9 5/16? 
39 5/16": top of D/P c e l l  t o  f u l l  level 49". 

top  of r e f l e c t o r  top f lange 

top of D/P c e l l  t o  zero l e v e l  - 
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During a r e f l e c t o r  dump without soup dump the pressure drops 

8 

.. 

rapidly,  t h e  D20 dumping i n  a9proximately 15 seconds. This causes valve 2 6 7 ~  

t o  open wide and 270 t o  close. I n  t i m e  t h i s  would admit enough helium i n t o  t h e  

vessel  t o  br ing  the  now empty r e f l e c t o r  back t o  approximately 1050 p s i ,  requir ing 

approximately 16 cubic f e e t  of gas a t  t h i s  pressure,  Upon r e f i l l i n g  t h e  r e f l e c t o r ,  

t h i s  helium would be blown i n t o  t h e  dump tanks through valve 270, A s  t he  re- 

f l e c t o r  i s  dropped f o r  any shutdown of more than a f e w  seconds duration, it i s  

apparent t h a t  t h i s  loss of helium i s  very undesirable, Valve 2 6 7 ~  i s  therefore  

interlocked through i t s  solenoid valve t o  t h e  dump valve, 150, so it c loses  on 

a dump and thus prevents flow of helium i n t o  the system. T h i s  valve i s  f u r t h e r  

inter locked wi th  t h e  r e f l e c t o r  l e v e l  cont ro l le r  so it w i l l  be closed whenever 

t h e  r e f l e c t o r  i s  below t h e  half  f u l l  point  (minimum operating l e v e l ) .  This  

f e a t u r e  i s  necessary because t h e  dump valve closes  when the  r e f l e c t o r  i s  empty 

and hence without t h e  l e v e l  in te r lock  valve, 2678, would open and admit helium. 

The rap id  dump means an e s s e n t i a l l y  ad iaba t ic  process, so t h e  

r e f l e c t o r  pressure w i l l  drop t o  s l i g h t l y  over 100 p s i ,  permitt ing a pressure 

d i f f e r e n t i a l  across  t h e  core s h e l l  of 900 p s i ,  Some D20 should remain i n  the  

bottom of t h e  vessel  when the dump valve closes  so i t s  vapor pressure will soon 

reduce the  d i f f e r e n t i a l  pressure approximately 100 p s i  f o r  rated operating tem- 

perature.  

r e f l e c t o r  temperatures below 175' C. 

expected 900 p s i  d i f f e r e n t i a l ,  it is  strongly recommended tha t  a normal shutdown 

However, t h e  reactor  w i l l  be operated during c e r t a i n  experiments at 

While t h e  core should withstand the  

procedure require  the  reac tor  t o  be made s u b c r i t i c a l  by lowering t h e  concentra- 

t i o n  and t h a t  t h e  core pressure then be reduced t o  approximately 500 p s i ,  al- 

lowing PRCA/D-10 t o  br ing  t h e  r e f l e c t o r  pressure t o  a corresponding value before 

t h e  r e f l e c t o r  i s  dum7ed. 
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A core dump without r e f l e c t o r  dum? would a;>ply a high d i f f e r e n t i a l  

. 
pressure from t h e  outside arid might cause col lapse of t h e  core. Two precautions 

are provided t o  prevent t h i s  condition occurring. The r e f l e c t o r  dump valve i s  

inter locked with t h e  core dump valve as discussed later under "Safety Circui t ,"  

so t h e  r e f l e c t o r  dump simultaneously with t h e  core. A back-up protect ion t o  

care  f o r  t h i s  and a l s o  f o r  a f a i l u r e  i n  t h e  helium system i s  provided by con- 

necting t h e  r e f l e c t o r  dump valve solenoid t o  PRCA/D-10 so excessive d i f f e r e n t i a l  

pressure from r e f l e c t o r  t o  soup w i l l  open the  D20 dump valve and r e l i e v e  t h e  

pressure.  

Reflector l e v e l  i s  control led by LRC-12, consis t ing of a Foxboro 

D/P c e l l  and Dynalog cont ro l le r .  Since t h e  connection of t h e  D/P c e l l  i s  some- 

what unorthodox it i s  discussed i n  conjunction with Figure 18. The gas chamber, 

7, i s  provided t o  c o l l e c t  any gas which m y  get  i n t o  l i n e s  735 and 736. Period- 

i c a l l y  t h i s  gas can be bled of f  through valve 737 which i s  provided w i t h  an 

extension handle t o  t h e  outs ide of t h e  sh ie ld .  If we assume an equilibrium 

condition with t h e  r e f l e c t o r  f u l l  and pressurized t o  Po, t he  gas pressure i n  

7 being P1, and other  pressures being due t o  water columns, the pressure on the  

top of  t h e  ce l l  is: 

P = P1 + P3 - P2. 

If t h e  l e v e l  drops t o  a point  corresponding t o  a hydrostat ic  pressure change of 

P4, the new pressure is: 
- 

P' = P + P3 - Pe - P4, 

o r  the  change of pressure i s  P4. 

maintained at Po, t h e  d i f f e r e n t i a l  pressure change corresponds t o  t h e  change 

Thus, s ince t h e  other  side of t h e  c e l l  i s  

of leve l .  

instrument provided it does not cause t h e  l i q u i d  l e v e l  t o  drop below l i n e  735. 

It i s  seen t h a t  t h e  i n i t i a l  gas pressure,  P1, does not a f f e c t  t h e  
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Line 855 of Figure 17 i s  provided t o  remove condensate from l i n e  734. 

of Figure l 7  must be above the  maximum water l e v e l  because t h e  instrument ind i -  

ca t ions  reverse  if  t h i s  junct ion i s  submerged, 

Junction 11 

The con t ro l l e r  i s  provided with a proport ional  air cont ro l  and 

severa l  e l e e c r i c a l  contacts ,  

t h e  operator,  subject  t o  a lower l i m i t  of a hal f  f u l l  r e f l e c t o r .  This l i m i t  

is provided by a blocking p in  at ha l f  s ca l e  so  t h e  operator cannot run t h e  

r eac to r  without s u f f i c i e n t  r e f l e c t o r  f o r  s a fe ty ,  

through valve 155, which i s  actuated by t h e  air  s igna l  when t h e  l e v e l  i s  too  

high, 

started i f  t h e  l e v e l  falls t o  t h e  lower one and is  stopped when it reaches t h e  

upper oneo 

c i r c u i t ,  

during a r e f l e c t o r  dump. 

lock on the  helflim valve, 26711, as discussed above. 

a lower l i m i t  cont ro l  which operates  t h e  solenoid of t h e  dump valve, 150, t o  

c lose  t h f s  valve before  the  r e f l e c t o r  i s  completely empty. 

The cont ro l  point  may be set at  the instrument by 

Excess D20 i s  bled off 

The pulsafeeder pump i s  cont ro l led  by two e l e c t r i c a l  contacts  so it i s  

The detaels of t h e  e l e c t r i c a l  cont ro ls  are shown i n  t h e  sa fe ty  

I n  addi t ion t o  these  contacts ,  two o thers  we provided f o r  cont ro l  

One j u s t  below t h e  ha l f  f u l l  point  provides an i n t e r -  

The remaining contact i s  

Several  other  instruments are provided on t h i s  system, but  do not 

serve as cont ro ls ,  

give an a l m  on the annunciator i f  t rouble  develops i n  t h i s  supplyo 

a pressure gage giving t h e  absolute  pressure i n  the r e f l e c t o r ,  

PA47 and ~ ~ 7 6  are pressure switches on the  helium supply t o  

~180 i s  

Reflector  Temperature 

The r e f l e c t o r  temperature i s  maintained at t h e  desired value by 

c i r cu la t ing  t h e  D20 through a heat  exchanger whose cooling water is cont ro l led  

by valves 310 and 313- The instrument connections are shown i n  Figure 19, and 

the spec i f ica t ions  are givec i n  Table 8, Reference t o  the  complete flow sheet  
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TABLE 8 

Receiver - Brown C . C ,  Air-3-Line c o n t r o l l e r  

range - 0-300" c 
pen speed - 12 sec,  
chart  speed - 2k hr / r ev  
ellart - o - . p  
control. - ::neu, prop, reset ,  manual 
mmnt6 - f l u s h  
adjustment - none 
f a i l u r e  - downscale 

Location - pane1 hoard 

Transmitter -' 1.6. couple eC T a c o  well. 

Locat ion - l i n e  1.52 

J.B. c1 - 19, 20 

Auxiliary Equipment - (313) cont ro l  element 1" MH valve, l i n e  313 
[ 310) con t ro l  element. 1 114" MH val ve, l i n e  310 

11-37 

G.E. Ammeter 

range - 0-5 amps 
scsle - 0-50 amps 

Locatian - panel bosrd 

TIA-40 

Receiver - SympLytrol Ind ica to r  Pyrometer 

range - c-500" F 

Location - panel board 

Contacts: 1 CD alarm 

Transmitter - 1,C- coup1e, surface adaptor 

Locakion - D20 c i r c u l a t i n g  pump 
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G,E,  Under current  relay 

T n e  IRC 
(converted from overcurrent t o  undercurrent)  

Contacts; 1 normally clgsed 

Location - panel board 

I C A - 5 1  

C,E, Overeument r e l ay  

Type PJC 

Contacts: 1 norinally closed 

Location - panel board 

PA-44 

Receiver - Mi1 pressure switch 0-300 p s i  

Location - D20 oil pump platform 

Contact: I CD alarm 
J O B o  A1 - 13, 1 ' 4  

Auxiliary Equipment - ( 3 )  l / h "  brass needle valve, l i n e  820 

PC-46 

Receiver - MH pressure switch 0-150 p s i  

Lccation - D20 of1 pump platform 

J.B. A 1  - 11, 12 

Contact: 1 CR i n t e r lock  

Auxiliary Equipment - (1) l /4"  brass needle valve 

Receiver - MH pressure switch 0-300 p s i  

Location - D20 o i l  pump platform 

J .B .  A 1  - 15, 16 
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TABLE 8 (CONTINUED) 

LI-70 - Sight g lass  

Location - D20 o i l  reservoir  

PI-71 

Receiver - 6" Clapp 0-300 p s i  

Location - D20 o i l  reservoi r  

Auxiliary Equipment - (4 )  1/4" brass  needle valve 

DA-26 

Receiver - B-W conductivity alarm 

Location - D20 o i l  pump platform 

Contact: 1. normally closed 
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nf Figure 4 w i l l  show tha t  t h e  cooling water i s  supplied by t h e  feed water pumps 

of t h e  r eac t c r  heat exchanger, thus t h e  heat  removed from t h e  D20 i s  used t o  

preheat t he  feed water. The temperature i s  determined by a thermocouple i n  

l i n e  152 connected t o  a Brown c i r c u l a r  char t  con t ro l l e r .  

t r o l  s igna l  from t h i s  ac tua tes  valves 310 and 313* 

The pneumatic con- 

If both of these  valves 

are closed t h e  flow through t h e  D20 heat exchanger will be determined by t h e  

demand of t h e  soup heat exchanger. This condition holds if  t h i s  feed water 

demand i s  Jus t  r i g h t  t o  maintain t h e  cor rec t  D20 temperature, 

the main heat  exchanger i s  too  low the  D20 temperature rises and t h e  con t ro l l e r  

opens valve 313, allowing additional, f low through t h e  D20 exchanger. If the  

soup hea t  exchanger demands more water than t h a t  necessary t o  remove t h e  D20 

heat ,  t h e  D20 cools and t h e  con t ro l l e r  opens valve 310, thus allowing p a r t  of 

If t h e  flow t o  

t h e  flow of feed water t o  by-pass t h e  D20 exchanger. 

The &O c i r cu la t ing  pump is  similar, except f o r  size, t o  t h e  soup 

c i r cu la t ing  pump and the motor pro tec t ion  i s  the same as t h a t  provided f o r  t h e  

soup pump with t h e  exception of t h e  pump leak  de tec t ion ,  

equipped with a spark plug a t  i t s  lowest point .  

The o i l  reservoi r  i s  

This  plug i s  connected t o  a 

conductivity alarm, ~ ~ 2 6 ,  so any D20 leakage w i l l  %e detected when t h e  D20 col- 

l e c t s  across t h e  plug contacts .  

D20 Du,mp System 

The D20 inventory i n  the dump tanks is  monitored by a l o a d ' c e l l  

s i m i l a r  t o  t h a t  discussed f o r  the soup dump tanks,  The connections are shown 

i n  Figure 20, and instrument data i s  given i n  Table 9. 

There are no cont ro l  instruments on t h e  dump system, but  temper- 

a t u r e  measurements are provided f o r  a t  severa l  points ,  as shown 9n t h e  flow sheet .  
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TABLE 9 

m-15 

Receiver - Foxboro dynalog c i r c u l a r  char t  recorder for Wianco ce l l  

range - 0-1 mv/v 
pen speed - 3 sec. 
char t  speed - 24 hr/rev 
char t  - 0-100 l i n e a r  
mounting - f l u s h  
adjustments - span & zero'  
input c i r c u i t  - Fig. 1lA 

Location - panel board 

Transmitter - Wianco c e l l ,  type 3FA15 

* 

Location - soup c e l l  

J.B. - B1 - 41, 45 

DRA-27 

Receiver - Brown C,C.  Recorder 

range - 0-1 mv 
pen speed - 24 sec.  
char t  speed - 24 hr/rev 
char t  - 0-100 l inea r  
mounting - f l u s h  

Location - panel board 

Contacts - 1 CD alarm 

Transmitter - platinum de tec tor  as b u i l t  

Location - D20 c e l l  

J.B. C1 - 15 - 18 (T ,C . )  

A2 - 1 - 4 (heaters) 

Auxiliary Equipment - (1) and (2)  Hg seal pots  
(3) f la t  p l a t e  o r i f i c e ,  l i n e  168 

P1-50 

Receiver - 6" Clapp, 0-500 p s i  

Location - north face of sh ie ld  
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TABLE 9 (CONTINUED) 

Pl-50 ( Continued) 

Auxiliary Equipment - (1) l/8" check valve 
(2) 1/81' Hoke va lve  
( 3 )  Sylphon, l i n e  808 

12 gpm water meter 

Location - east face  of sh ie ld  

. 
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The thermocouples are connected t o  t h e  48-point prec is ion  ind ica tor  on t h e  oper- 

sting console. 

condensers, measured by water meters, give da t a  t o  compute vapor and g a ~  flows 

i n  t h e  off-gas system. 

PI50, on t h e  condenser header. 

These temperatures I n  conjunction with t h e  water flows i n  t h e  

Pressure measurement is provided by a pressure gage, 

The c a t a l y t i c  recombiner temperature is a good ind ica to r  of t h e  

De - 02 percentage i n  t h e  helium off-gas. 

su la ted  i t s  only coolant would be t h e  helium flowing through it, while  i t s  

source of heat would be t h e  recombination of t h e  deuterium and oxygen, The 

r e su l t an t  ca t a lys t  temperature would then be an exce l len t  ind ica t ion  of t h e  

If t h e  recombiner were pe r fec t ly  in-  

ne t  effect of these  two proc-3sses0 While the recombiner i n su la t ion  i s  not 

perfect ,  t h e  feaperature  i s  e,Veeted t o  y i e l d  an w c u r a t e  determination of gas 

composition, The u n i t  w i l l  be ca l ib ra t ed  f o r  t h i s  purpose before  i n s t a l l a t i o n .  

As a cheek on the recombiners a deuterium de tec tor  i s  being 

developed and w i l l  be i n s t a l l e d  in t h e  off-gas l i n e  168 as item 94 (Figure 4) ,  

The bas ic  de tec tor  i s  a Davis hydrogen de tec tor  which is essen t i a l ly  8 platinum 

filament operated at zbout ;QO" C and having a thermocouple a t tached so i t s  

temperature my be determined. The platinum serves as a ca ta lys t  f o r  t he  recom- 

b ina t ion  of hydrogen and oxygen, and i s  i n  t u r n  heated by t h e  reac t ion ,  

r ise  of temrerst;tlre i s  a measure of t h e  amount of recombination, 

device t o  the  present systero it must be modified t o  operate  over a wide range 

of flow rates, ranging from a 10% of a f e w  ec/minute due .to helium valve leak- 

age up t o  15 scfm during B dump, 

var iab le  flow, a second fiL&mecC, of a non-catalytic material i s  used an6 i t s  

thermozcqle  connected i n  opposit ion t o  t h a t  of t h e  FLatinum, 

t h a t  alumel is one of the  more su i t ab le  materials f o r  t h i s ,  but  due t o  

This  

To apply t h i s  

To cornpensax;; f o r  var iable  cooling w i t h  

* 

Tests ind ica t e  
9 



di f fe rences  i n  emissivi ty  of it and platinum it; does not compensate aver the  full 

range of flows. 

seal pots and o r i f i c e  as shown i u  Figure 20, 

higher pressure than 2, so far low flow rates t h e  flow i s  e n t i r e l y  through t h e  

de tec tor ,  while f o r  high flows t h e  o r i f i c e  r e s t r i c t s  t h e  detector  f l o w  so most 

of t h e  gas flows through pot l. 

ist ics of t h e  de tec tor  i s  shown i n  Figure 21, 

The rate of flow w i l l  therefore  be cont ro l led  by use of mercury 

Pot 1. is set f o r  a s l i g h t l y  

An experimental curve of t h e  flow character-  

The vacuum break proviiled between the  helfm supply and t h e  o f f -  

gas l i n e  is a standard acetylene regulatcrr backed by an instrument-type pressure 

regula tor  set t o  maintain a Lcw gage pressure in t h e  off-gas l i n e ,  T h i s  r e l i eves  

t h e  vacuum forme3 after a d m 2  has occurred and the vapor pressure has bopped 

due t o  t h e  condensers and cold t r a p s ,  The seal pot i n  t h e  off-gas l i n e  i s  s e t  

t o  r e l i e v e  a t  s l i g h t l y  above t h i s  regulat,ed pressure.  

Steam Instrumentation 

Two aux i l i a ry  sources of stem are provided, one the  house b o i l e r s  

and t h e  other %he e lec t r ica l ly-hea ted  bh.0 kw high pressure b o i l e r ,  The v a l d n g  

fo r  these is shown i n  Figure 4, and except f o r  safet,y in te r locks  t h e  cGntrob i s  

manuab. The in te r locks  are discussed later under ”Act ivi ty  Monl.tors.” 

The instrumentation of the  40 kw bcfler i s  given i n  Figure 22 

and Table 110, The l e v e l  instrument i s  a Brom 20 inch mercury marioueter con- 

nected t o  a Brown flow recorder* The high and low l e v e l  contacts  of t he  recorder 

are connected t o  t h e  b o i l e r  heater  c i rcui t ,  so t he  hea ters  cannot oserate i f  t h e  

l e v e l  i s  outs ide t h e  l i m i t s ,  PCA45 i s  a p r e s a r e  switch a l so  connected t o  dis- 

connect t h e  heaters i f  t h e  pressure ge t s  t o o  high. 

dicated by a conventional pressure gage, 

The stlearn pressure i s  in-  
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TABLE 10 

PI-33 - 
Receiver - 6" Clapp 0-1000 p s i  

Location - west face of sh ie ld  

Auxiliary Equipment - (2) 1/811 Hoke valve, l i n e  843 
(1) autoclave check valve, l i n e  843 

Receiver - 0-1500 Mercoid pressure switch 

Location - w e s t  face  of shield 

LRC -52 

Receiver 

Contact: 1 CD high alarm 
J.B. A 1  - 24, 25 
1 CD in te r lock  (pickup on annunciator) 

- Brown Hg Manometer 

range 0-20 inches H20 
char t  speed - 24 h r p e v  
char t  - 0-100 l i n e a r  
mount - f l u s h  
f a i l u r e  - upscale 

Contacts: 1 CD in te r lock  (F.0,)  
1 eR in te r lock  
J . B  A1 - 26 - 29 

Loca.tion - panel board 

Auxiliary Equipment - ( 3 )  & (4)  Seal  pots  (connect t o  40 kw b o i l e r  w i t h  
~ 1 0 6  3/41! pipe) 
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The severa l  pressure ind ica tors  on t h e  steam system shown i n  

Figure 4 are standard a d  data i s  given i n  Table 11, 

flow from t h e  hea t  exchanger are metered by a regular  pressure connection and 

a Brown mercury manometer t ransmi t te r  across  an o r i f i c e  i n  t h e  steam l i n e  con- 

The steam pressure and 

nected t o  a two-pen Brown recorder,  PR310 This  instrument gives t h e  del ivered 

power of t h e  r eac to r ,  

PC30 i s  a pressure switch t o  provide ari in te r lock  f o r  t h e  sa fe ty  

c i r c u i t  i n  t h e  event of a Lime break. 

Valve 347 i s  inter locked through a time delay w i t h  v d v e  3l6B 

so  t h e  condensate r e t u r n  may be switched from t h e  heat  exchanger l i n e  t o  t h e  

bui ld ing  l i n e  when t h e  steam sowee is  switched. 

Cold Traps 

The cold t r a p s  for t h e  soup and D20 systems have i d e n t i c a l  eon- 

t r o l s  as shown i n  Figure 23. Besides t h e  compressor zontrols,  t h e  t r a p s  them- 

se lves  are provided with various cont ro l  valves. The r e f r ige ran t  i s  regulated 

by f l o a t  valves r a the r  than expansion valves and may be shut of f  from e i t h e r  

t r a p  by t h e  solenoid valve f o r  defrost ing,  The connection of t h e  e l ec t , r i ea l  

switchek and t h e  solenoids i s  arranged t o  prevent both t r a p s  being defrosted 

at  t h e  mule time. Thermo- 

stats on t h e  cold t r a p s  are connected i n  parallel wi th  t he  valve pOsition r e l a y  

tiowever, both may be r e f r ige ra t ed  at t h e  same t h e ,  

contacts  t o  sound an ahwnt  if gas is valved through 8 wa-rm trq, 

A l a r m  Annunciater and Mimic Panel 

The alasn annunciator uses a c i r c u i t  s i m i l a r  t o  that used i n  the  MTR, e 

as shown i n  Figure 2 k ,  

alarms shown i n  Table 13 2nd neqessargr spares f o r  fu ture  peeds, 

The panel contains f i f t y - fou r  s t a t i o n s  t o  provide the t 
The operation 
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TABLE 11 

PC - 30 

Rece-ver - 0- 500 p s i  MH pressure switch 

Location - west face of sh ie ld  

Contacts: 1 CR - in te r lock  
J.B. A 1  - 44, 45 

Auxiliary Equipment - 1/81! Hoke valve 

PI - 31 
Receiver - Brown 6 . C .  Recorder (2  pens) 

range - 0-400 p s i  (0-200 inches H20) 
chart  d r ive  - 24 hr/rev 
char t  - 0-200 l i n e a r  
mounting - f l u s h  
adjustments - none 

Loeation - panel board 

Transmitters - Hg manometer with e l e c t r i c  transmission 

range - 0-20 inches R 0 
0-200 inches 820 

Auxiliary Equipment - Autoclave check va lve  ( l i n e  840) 
Fla t  p l a t e  o r i f i c e  ( l i n e  316) (steam capacity 3000 #/hr)  

PI -32 

Receiver - 6" Clapp, 0-600 p s i  

Location - turbine gage board 

Auxiliary Equipment - 1 autoclave surge check valve 
1 1/8ii Hoke 
1 sylphon, l i n e  841 

FI-53 

Fla t  p l a t e  o r i f i c e  and manometer 

b 

? 
Location - turbine gage board 
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TABLE 11 (CONTINUED) 

P I  -77 

Receiver - 6" Clapp 0-1000 p s i  

Location - turbine gage board 

Auxiliary Equipment - 1 - 11811 Hoke valve 

P1-34 

Receiver - 4 1/2" Clapp, 0-75 psi  

Location - on turbine gage board 

Auxiliary Equipment 

P1-35 

- 1 - 1/4" brass  

Receiver - 4 1/2" Clapp, 0-100 p s i  

needle 

Location west face of sh ie ld  

valve 

Auxiliary Equipment - 1 - 148" check valve 
1 - 1/4" brass  needle valve 
1 - Sylphon, l i n e  834 

P1-39 

Receiver - 6" Clapp, 30" vacuum t o  50 p s i  

Location turbine gage board 

Auxiliary Equipment - 1 - 1/4" brass  needle valve 
1 - 1/81! check valve 
1 - Sylphon 

Location - w e s t  face  of sh ie ld  

Auxiliary Equipment - 1 - 1/4" b r a s s  needle valve 
1 - 1/81' check valve 
1 - Sylphon, l i n e  805 
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TABLE 11 (CONTINUED) 

P1-42 

Receiver - 4 1/2" Clapp, 0-1000 p s i  

Location - turbine gage board 

Auxiliary Equipment - 1 - 1/8" Hoke valve 
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TABLE 12 

TRA-3 

Receiver - Brown S t r i p  Chart O-400° C 

range - 0-400° C 
pen speed - 4 1 / 2  sec.  
char t  speed - 30, 60, 90, 120 in/min 

mounting - f lu sh  
adjustments - none 
f a i l u r e  - none 

char t  - 0-400 

Contacts: 1 CD high a l a r m  ( l i n e  712) 
1 CR low alarm ( l i n e  715) 

Location - panel board 

Transmitter - Five I . C .  thermocouple bayonets 

Location - 

J. B. Terminals - C1 - 1 - 12 

Auxiliary Equipment - 3 T.C, wells 
2 surface adaptors 

TI-17 

Receiver - Brown Precis ion Indica tor  (48 poin ts )  

range - 0-300' C 
speed - 12 sec.  
sca le  - 0-300 
mount - f l u s h  

Location panel 

Transmitter - I . C .  couples 

board 
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TABLE 13 

Inst 
No. Code - Function 

1 
2 

LECA 
PRCA 
TRA 
T I A  

TRCA 
T I A  
I CA 
PA 
PCA 
I C A  
DdA 
DdA 
TRCA 
TIA 
I C A  
P A  
PCA 
P A  
I C A  . 
PCA 
PCA 
P A  

PRCA/D 

PRCA/D 

Pressurizer level 
Soup pressure 
Multipoint soup temp e 

Soup temp. 
Soup-De0 differential press. 
Reflector temp. 
Soup pump temp. 
Soup pump overcurrent 
Oil pressure to soup pump 
10 kw pressure 
Soup pump - undercurrent 
D 2 0  detector - D 2 0  pump oil 
D2 detector - DzO off-gas 
Pressurizer temp a 

D 2 0  pump temp, 
D 2 0  pump undercurrent 
Oil to D 2 0  pump 
40 kw pressure 
Helium to reactor 
D 2 0  pump overcurrent 
D20 oil pressure 
Soup pump cooling oil 
Helium to reactor 
Soup off-gas flow 

X 3 
4 

X 
X 

10 
13 
16 X 

X 
X 
X 

18 
19 
20 
22 
26 
27 
29 
40 
43 
44 
45 
47 

X 

X 
X 
X 

X 

X 
X 
X 
X 
X 51 

69 X 
X 
X 

72 
76 . 

X 79 
Monitrons: Steam 

D20 off-gas 

Bldg. vent 
Stack 

soup oil 

Building air pressure 
Building water pressure 
Oxygen pressure 
Pulaafeeder flow 
Catalyst (soup) temp. 
Catalyst (D20)  temp, 
Period 
Safety 
CFM 
D20 pump st,op 

23 
24 
25 
66 
68 
90 
89 
87 

X 
X 
X 
x 
X 
X 

X 
X 
X 
X 

62 
63 
59 X 

X 
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of t h e  c i r c u i t  can be seen by reference t o  Figure 24 and Table 14. 

t h e  a l a r m  ind ica t ion  cons i s t s  of two l i g h t s  and a b e l l .  

of t h e  monitored c i r c u i t  both lamps are dim, thereby giving a continuous check 

Basical ly ,  

For normal operation 

on t h e  lamps. Occurrence of %rouble changes both lamps t o  b r igh t  and sounds t h e  

b e l l .  Acknowledgment s tops the  b e l l  but  Leaves t h e  red  l i g h t  one If the  t rouble  

c leazs ,  t h e  b e l l  s tops and the  red  l i g h t  i s  turned off; t h e  white, however, 

s t ays  on br ight .  A f t e r  t h e  operator has made t h e  necessary log  e n t r i e s  t h e  

c i r c u i t s  are re turned t o  normal by pressing t h e  reset button, 

A s impl i f ied  flow sheet  showing t h e  p r inc ipa l  process l i n e s  and t h e  

remotely operated valves i s  used f o r  a mimic panel mounted above t h e  center  panel 

board i n  t h e  cont ro l  room. The valve operators  have SPMT microswitches mounted 

on them so t h e  switch i s  operated by movement of t h e  valve stem. 

i n  t u r n  control. t h e  t w ~  l i g h t s ,  white and green, at each valve symbol on t h e  

mimic panel ,  The open o r  closed pos i t ion  of all =lares i s  thus indicated by 

t h e  appropriate  l i g h t  on t h e  board, 

These switches 

.i 

b 
a 

For valves which may be t h r o t t l e d  the  

degree of operatfon i s  indicated 5y t h e  pressure gage on each air switch. 

Additional supervision of the  over -a l l  condition of t h e  process equip- 

* 

merit i s  provided by a microphone and speaker system, 

located i n  each of t h e  ~ J O P  compartments and contact microphones we mounted 

on t h e  tjwo c i r cu la t ing  pumps, These m e  connected. $0 su i t ab le  am2l i f ie rs  and 

Carbon microphones are 

a speaker on t h e  operating console, 

t o  monitor any microphone at  w i l l .  

especfal ly  useful  i n  picking up inc ip ien t  fa i lure  of pump bearings.  

A s e l ec to r  switch permits t h e  operator 

Mock-up t e & s  have shown t h i s  system t o  be 

I 
# 



TABLE 14 

SCHEDULE OF OPERATION 

Relays 
B 

Its 
Red 

Fie ld  
Contact 

LI 
Whit e C 

De -energized 

Energf zed 

I t  

B e l l  

S i l e n t  

Rings 

S i l e n t  
--- 

A 

Closed Energized Energized Din: D i m  

Open De-energi zed Bright Bright 

CIff I1  

Energf zed 

De-energized 

De-energized Bright 

O f f  

Bright 

I t  

Open 

Closed Energized 

I1 

Bright 

t I  Open I! Rings 

S i l e n t  Open Off l t  I I  le-energized 

eset - S t i l l  
I t  Open tl 

Closed Energized Bright 

D i m  

O f f  Snergized 

I1 Closed I I  )e -energi zed 

.. 

-84- 



Safety C i rcu i t  

The various r e a c t i v i t y  controls ,  nuclear instruments and process in -  

struments are connected i n  an inter locked c i r c u i t  so s ta r t -up  and shutdown, 

e i t h e r  rout ine  cr scram, can occur only i n  an order ly  and safe fashion, The 

experimental n a t w e  of t h i s  reac tor  has necessar i ly  made t h i s  s a fe ty  c i r c u i t  

somewhat more cormplfcated than would be necessary i f  the reac tor  were designed 

so le ly  as a power producer. It i s  a l so  r ea l i zed  that fa some ins%aneea t h e  design 

m y  appear t o  " lean over backwards," bu t  it seems best t o  include as many safety 

f ea tu res  as possible ,  and later remove t,hem f f  operat ing experience proves them 

unnecessary. The goal has been t o  SO i n t e r lock  funct ions t h a t  t h e  r eac to r  can 

always shut down t o  a safe condition at any point  i n  i ts  s ta r t -up  or operation; 

t o  arrange the components so  they m e  adequately protected aga ins t  f a u l t y  oper- 

a t i n g  conditions; and t o  %,ssure t h a t  abnormal nuclear conditions,  operating con- 

d i t i o n s  harmful t o  equipmen%, or f a i l u r e  of components will shut t h e  reac tor  down 

f n  an order ly  manner. 

The block diagrams of t h e  operating sequences f o r  s ta r t -up  o r  p o w r  in -  

crease are shown i n  Figure 25. 

course, be unlocked, thewby energizing t h e  variou8 controls .  Filling of t h e  

For operation t h e  console power switch must, of 

 ore w i t h  d i l u t e  soup and soup c i r cu la t ion  throu&h the neat exchanger we the 

only opei*a%ions permitted without a cocked safe ty  rcd. 

an independent c i r c u i t  and i t s  c lu tch  and l i m i t  n i t c h e s  are then  used through 

This rod i s  r a i sed  throlxgh 

appropriate r e h y a  t o  assure  t h a t  t h e  rod i s  :; before the reac tor  can be brought 

c r i t i c a l  e 
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Fig. 25- Block Diagram - Start  Up 



c 

D 

The soup pumps may be operated i f  t h e  s tack f an  i s  on, During oper- 

a t i o n  t h e  pulsafeeder pump should not operate unless  the  c i r cu la t ing  pump is 

a l s o  operating t o  assure  a uniform concentration thrPoughout t h e  system, 

f o r  i n i t i a l  f i l l i n g  of t h e  core  the  pulsafeeder must operate alone, 

other  "startr1 funct ions are provided by the "s tar t - run" switch, 

switch pos i t ions  are indicat.ed by underlining t h e  proper word. 

i n  t h e  " s t a r t "  pos i t i on  the  pulsafeeder pumg my be operated without the c i r c u l a t -  

fng pump but  other  contacts  on the switch block operat-ions which m i g h t  &e the  

r eac to r  go c r l t i c a l .  

c i r cu la t ing  pump may be s t a r t e d  znd the pulsafeeder w i l l  operate  with t h e  switch 

However, 

This and 

I n  t h e  diagram, 

With t h i s  s d t c h  

As EOOE as t h e  core  system i s  f i l l e d  md pressurized the  

i n  the "run" pos i t ion .  

must ke 'wi th in  s a t r s f a c t s r y  l i m i t s  in order t o  pro tec t  t h e  motor. 

su r i za t ion  i s  necessary t o  p ro tec t  the  bearings and impeller of t he  c i r c u l a t i n g  

pump, t h e  manufactureris speeificafAsns call ing f o r  a pos i t i ve  head of 200 ps i ,  

Oil pressure and motor current  of the c i r c u l a t i n g  pump 

Soup pres-  

thus pu t t ing  a lower l i m i t  on t h e  pressures  at  which experiments may be performed, 

With the soup c i r c u f t  functioning, t h e  sa fe ty  rod cocked and recombiner 

on, t h e  reflecT"or may be brought, up to operating leve l ,  During t h e  i n i t i a l  

f i l l i n g  o f  the  r e f l e c t o r  t h e  "s tar t - run" switch i s  -En t h e  "start" posit,ion, thus 

allowing both t h e  1 g p m  and 2 gpm pumps t o  operate,  Once the  Level reaches the 

point  of the r e f l e c t o r  Level instrument (LRC-l2) 'both pumps are automatically 

stopped and the 2 gpm one will not restart unless  manually started,, and then 

only i f  the  switch i s  s t i l l  on "start." The 1 g p m  pum? maintains l e v e l  under 

cont ro l  of t h e  ievek instrument;, 

Not ocly must t h e  r e f l e c t o r  be up, but  t h e  soup temperature must be a t  

t he  proper value before  the soup may be concentrated or  t h e  shim and regula t ing  

rods moved. These th ree  cont ro ls  a r e  inter locked so only one at a t i m e  my be 
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varied,  

a t ing,  thereby preventing excesgive build-up of concentration i n  the dump tanks, 

Concentration in t e r lock  is  obtained by an overr iding solenoid valve I n  t h e  a i r  

l i n e  t o  t h e  "concentrate" valve. 

Concentration i s  fu r the r  blocked unless  t h e  soup pulsafeeder i s  oper- 

The reac tor  cannot reach c r i t i c a l i t y  without t h e  r e f l e e t o r  up, so it 

is  safe t o  make tests of t h e  rod dr ive  circui ts ,when t h e  r e f l e c t o r  i s  empty. 

This  f a c l l i t y  is provided by the "test" pos i t ion  of t h e  " tes t - run" switch 

through t h e  bottom l i m i t  of the  r e f l e c t o r  Level, instrument, 

The block diagram of Figwe 26 shows t h e  numerous p a r a l l e l  pa ths  by 

which t h e  reacf,or may be shut down. 

A manual shutdown may be made by lowering t h e  rods with the  motor dr ive,  

by r e l eas ing  the  magnets, o r  by dumping r e f l e c t o r  or  soupo The rods may be run 

down indiv idua l ly  or all. together  by using t h e  appropriate  motor switch. These 

various methods of shutdown give r ise t o  d i f f e r e n t  conditions and i d t i a t e  dif-  

f e ren t  follow-up operat ions,  

Motion of the shim or  regula t ing  rods does not i n i t i a t e  m y  m t o m t i c  

sequence, b u t  aqy lowering of the sa fe ty  rod, whether by run-down o r  magnet drop, 

starts t h e  D20 timer, 

automatically dumped a t  a f ixed  time after the rod movese 

t h e  r eac to r  dom. 

give t h i s  type scram are indicated on t h e  blcik diagram. 

Unless the  operator manually blo~ks t h e  timer, t h e  D20 i s  

This  e f f ec t ive ly  shufs 

The severa l  s igna ls  which w i l l  automatically drop the  rods m d  

c There me several  s igna ls  which ind ica t e  a scup le&, and these  ~ a u s e  
P 

immediate dumping of t h e  soup and r e f l e c t o r ,  as w e l l  as dropping of the rods and 

subsequent operations 



i -  

RAISE-LOWER 
s-I, s-2 ,  s-3,s-4 

i . 

MANUAL DUMP 
s -7 

Y 

I 
CD 
(D 
I 

UNCLASSIFIED 
DWG.433!9 

SAFETY ROD OFF 
UPPER LIMIT 

I I SIGMA BUS 

I:, HOLD DUMP 

T IMER 

DUMP D e 0  

I 

I OIL ACTIVITY I 

CLOSE STEAM VALVE 

STEAM ACTIVITY 
QRC-23 26 

D,O ACTIVITY 

c STACK ACTIVITY 4 QRC-8 

4 CIRC. MOTOR STOP 
FCP-A 

I 

I 4 DUMP SOUP 

I DROP SAFETY a SHIM RODS 

c 4 WATER PRESS. LOW 
PS- I I 

r 

AIR PRESS. LOW -I PS-12 

L E V E L  4 QRC-63.64 

Fig. 26- Block Diagram - Shut  Down 
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The details of t h e  c i r c u i t s  which provide t h e  safe ty  in te r locks  are 

shown i n  Figure 27. 

i n  Table 15. 

nection with t h e  s ta r t -up  and shutdown operations.  

The key t o  r e l ay  and instrument contact notat ion i s  given 

The exact functioning of t h e  various r e l ays  i s  discussed i n  con- 

Typic a1 Operations 

Some discussion of t h e  s ta r t -up ,  running, and shutdown of t h e  reac tor  

will serve t o  i l l u s t r a t e  t h e  operation of t h e  sa fe ty  c i r c u i t s  and, a t  t h e  same 

time, present  some of the considerations which d i c t a t e d  t h e  p a r t i c u l a r  so lu t ion  

t o  c e r t a i n  problems. There are possible  var ia t ions  i n  the  procedures which may 

be used with t h e  present  instrumentation and control .  Furthermore, it i s  highly 

probable t h a t  operating experience w i l l  suggest fu tu re  changes i n  t h e  c i r c u i t r y  

and procedures a 

The reac tor  i s  assumed t o  be i n  a completely shutdown state, r e f l e c t o r  

and soup i n  t h e i r  respect ive dump tanks and a t  ambient temperature, and t h e  

operat ion i s  started from t h i s  po in t ,  

The operations discussed are based on a conventional run as c e r t a i n  

experiments w i l l  requfre  modifications of the  sa fe ty  devices. While such a 

procedure i s  necessary i n  order t o  ge t  t h e  maximum information from t h e  HRE, 

it i s  absolutely e s s e n t i a l  t h a t  some control  procedure be establ ished t o  as- 

sure  safe operation, 

u n t i l  reviewed by t h e  proper cont ro l  and operation engineers; a l l  such changes 

As a minimum requirement, no change should be permitted 

should be recorded i n  a permanent log; and no s ta r t -up  of any kind should be 

permitted without f irst  checking t h i s  log. 
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T B L E  15 

SAFETY CIRCUIT LEGE2?D 

. 
Safety Rod: ~1 

PIR - raise rod 
PIW - upper limit 
PIL - lower limit 
PID - lower rod 

PIC - clutch 

Shim Rod: P2 

P2R - raise 
P2A - auxiliary relay for raise 
P2D - lower 
P2U - upper l i m i t  
P2L - lower limit 

Control Rod: P3 

P3R - raise 
Prjfl - w x i l i a r y  relay for raise 
P3D - lower rod 
P3U - upper P i t n i t  
P3L - lower l i m i t  

Soup Syst.ernz F 

FFR - COUP full 
FCV - C G n c -  Valve closed 
FPF - SOLIP pulsa 

EPB - by-pass 1CW b o p .  
BPL - Low bup, detector 

FCP - soup c i r c ,  pumg 
FIX .- undercurrent 
FFR - soup pressure 
FGC" - overcurrent 
FIF - fue l  circulation 

DFU - D20 Pdl,  UP 
DFA - 1150 almost full 
CP1. - D20 puLsrz #1 
DP2 - D_?O p x k a  #a 
DCP - D$ c i x ,  pump 
BLL - lower l i n i f t  
DUC - B O  undercurrent 

RELAYS 

Miscellaneous: - 
WBL - water boiler 40 kw 
ROL - reactor on' 
RST - reg. volt supply 
BLO - stack fan 

Switches: 

PB - push button 
LS - limit 
RS - recorder 
PS - process 
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TABLE 15 (CONTIWED) 

PROCESS SWITCHES FOR ERE ELECTRICAL CONTROL CIRCUIT 

. 
SW ACTION - 

PS-11. 

PS -12 

PS-13 

PS-14 

Opens on low cooling water pressure.  

Opens on low instrument air pressure.  

Opens when 1/2" soup dump valve i s  open. 

Closes when 1/2" soup dump valve i s  open. 

INSTRUME3NT 
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. 

4 . 

Manually-operated valves cont ro l l ing  various cooling water flows and 

e l e c t r i c a l  switches cont ro l l ing  a u x i l i a r i e s  are set by t h e  operator before start- 

ing the reac tor  i t se l f .  

Controlled motors and hea ters  are a c t u a l l y  switched by magnetic con- 

t a c t o r s  which are control led by t h e  re lays  shown i n  t h e  safe ty  c i r c u i t .  

The safe ty  rod i s  r a i s e d  t o  t h e  upper l i m i t  before any other  normal 

operat ional  s t e p  i s  taken. 

and other  controls  interlocked through the  proper re lays ,  PIC and PIU. 

This i s  indicated by clutch and upper l i m i t  switches 

A possible  var ia t ion,  as far as in te r locks  are concerned, i s  t o  pump 

up t h e  soup and even br ing  it t o  operating temperature before t h e  safe ty  rod i s  

ra i sed .  I n  e i t h e r  case, t h e  soup may be pumped up only when t h e  stack fan  i s  

operating. 

when t h e  pulsafeeder does, i n  order t o  prevent excessive concentration d i f f e r -  

e n t i a l s .  

As previously mentioned, t h e  soup c i r c u l a t i n g  pump must operate 

For t h i s  discussion, we s h a l l  assume t h e  rod is  raised first .  

The s tack fan  i s  one of t h e  a u x i l i a r i e s  which i s  normally started be- 

The 

The 

f o r e  beginning operations so i t s  in te r lock  through re lay  BLO i s  satisfied. 

soup m y  then be pumped up and brought t o  proper temperature and pressure. 

"s tar t - run" switch must be i n  t h e  "start" posi t ion.  

cont ro l  re lay,  FPF, i s  actua-tEdby t h e  push-button on the  console and i s  locked 

i n  by the  control  re lay  contacts  FPF-D. During t h i s  pump-up process, the  soup 

let-down valve i s  closed by t h e  l e v e l  cont ro l le r  u n t i l  t h e  l e v e l  reaches t h e  

control point when LRC-1 t h r o t t l e s  the  let-down valve t o  maintain l e v e l  a t  t h e  

proper poin t ,  If gas i n  t h e  system i s  compressed i n  the  pressurizer  t o  exceed 

The soup pulsafeeder 
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by PRC-2 through relay FPR, and s t e m  pr t o p y  given by " r e  cou- 

bination of BPL and BPB- This  las?  aim;;^., 

s i b i l i t y  of a steam l i n e  break, A t  sf,ar"t-:ip, t h e  s t e m  piesswe is zero, bu t  

i f  while running t h i s  pressure retcirr,s T.' z ?, it i x d f c ' . o j t t ?  & break and so the  

reac tor  must be scrammed, 

t h i s  scram is i n i t i a t e d  by first,  s topping r-culaticvd When s%ar t ing  with low 

boiler- pressure, PS-3 i s  cpen and BPL, a d  dt--c;_n ise.3, icontacts BPL-C are 

closed and relay BPB may be rlosed by PB-6 a n d  w i l l  l o c k  ~n 

c i r cu la t ing  pump has permission through C G X A ~ ~ C ~ . F  ItFB P As t h e  reactor comes 

up t o  power and steam pressure t i i i l d :  u y  1r1 t h %  ~ y . ~ + - e i n ,  FS-3 closes,  thus dropping 

out  BPB through contac ts  BPL-Co IIowevex, at_~i.I,s bPL-A now permit the soup pump 

t o  continue t o  opera te ,  If ti s t e m  l i n e  b~eaks the  s t e m  preshure drops,  relay 

d e 1  t~ care for t h e  pos- 

6 

In order t o  p j ~ ~ ~ e n t  t a?  rtdi.id L Q O ~ ~ I I ~  of the  soup, 

Thus the  soup 

... 

n w   LIE^, and the  c i r c u l a t i n g  

C pump s tops ,  initiating a scrams as d i ~ ~ : l  



. 
To reduce the  number of unnecessary scram p o s s i b i l i t i e s ,  the  c i r c u l a t -  

ing  pump motor i s  not automatically protected against  over temperature o r  lack 

of cooling o i l .  

t h e  c i r c u l a t i n g  pump, subject t o  water pressure on t h e  o i l  cooler,  and improper 

values of o i l  pressure give an alarm. 

However, the  cooling o i l  pump starts from the  same switch as 

It i s  believed t h a t  these  a l a r m s  are 

prefer rab le  t o  t h e  system of automatic protect ion s ince a false s igna l  i n  the 

automatic system would s top the pump and thereby shut t h e  reac tor  down completely. 

The soup may now be brought t o  the  desired operating temperature by 

passing steam through the  water side of  the  heat exchanger. 

straightforward one of s e t t i n g  up the correct  va lves  f o r  t h e  source of steam t o  

be used and involves no safe ty  in te r locks .  

This process i s  a 

Meanwhile, t h e  r e f l e c t o r  may be brought up t o  operating l e v e l .  This 

operation i s  now permitted by t h e  soup up re lay  contacts FFR-A, c i r c u l a t i n g  

r e l a y  contacts FCP-D, recombiner i g n i t i o n  on contacts PS-10, and t h e  safe ty  rod 

re lay  contacts  PIC-A and PIU-A.  

"Run" pos i t ion  f o r  regular  stsart-up so contacts s6-1 are closed. The two pulsa- 

feeder pumps may be startecl by the respect ive motor start  switch and pushbutton. 

They now run under control  of the  r e f l e c t o r  l e v e l  instrument, LRC-12, through 

re lays  DFU and DFA. 

RS-2 of LRC-12, picking up when t h e  l e v e l  reaches t h i s  value. 

i n  a similar manner by t h e  t ' f u l l "  contact, RS-1. When t h e  pumps first start, 

these  contacts are open and both re lays  de-energized so contacts DFA-A, DFU-B, 

and DFU-D are a l l  closed, The holding contacts,  DP1-A and DP2-B, of t h e  motor 

r e l a y s  c lose when the motors are s t a r t e d .  

The "Test-Run" switch, S-6, must be i n  the  

Relay DFA is control led by the "almost f u l l "  contact,  

DFU i s  control led 

A s  the  l e v e l  comes up, r e l a y  DFA picks 
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up,opening contacts  DFA-A, but  the motor r e l a y  i s  held i n  by contacts DPl-A. 

A t  f u l l  l eve l ,  r e l a y  DF'U picks up and s tops both pumps. Pump 2 will not r e -  

start unless  i t s  start  button i s  again pressed, so  i t  is ef fec t ive ly  removed 

from instrument control  as soon as t h e  refleetor i s  up. It i s  completely blocked 

when the "Start-Run" switch i s  thrown t o  "Riln," opening contacts S g - 5 .  Pump l 

i s  still ,  on instrument control  s ince i t s  s t a r t i n g  switch i s  not a spr ing r e t u r n  

type. 

f u l l "  point,  and s top when t h e  l e v e l  reaches t h e  " f u l l "  value. 

This pump all therefore  start. each time the  l e v e l  d r o p  t o  t h e  "almost 

Switch S-11 

provides a manual means of "inching" t h e  l e v e l  for c e r t a i n  experiments. While 

it i s  not a p a r t  of  the  safe ty  c i r c u i t ,  it may be noted that instrument LRC-12 

operates the let-down valve 155 t o  bleed of f  D20 i f  the l e v e l  i s  too high. 

i f  the  operator wishes t o  operate -with 8 lower r e f l e c t o r ,  he merely changes t h e  

Thus, 

control  point  of the instrument and the excess D20 is bled off  and the  pumps 

function t o  maint.ain l e v e l  a t  the  new value. 

c- 

If operat ional  experience fndicates  t h a t  the s l i g h t l y  f luc tua t ing  l e v e l  

of t h i s  scheme is  unsat isfactory,  o r  if" t h e  let-down valve leaks excessively, t h e  

operation may be readi ly  modified t o  correct the t rouble ,  

can be changed t o  keep it operating ccn-Lfruously, and t h o  l e v e l  maintained by 

t lwot t l fng  valve 155. The pump would then be subject t o  instrument ~hutdowfi only 

if t h e  l e v e l  exceeded .a safe upper l i m i t ,  set s l i g h t l y  above the control  point  of 

valve 155. 

The control of pump 1 

A s  soon as t h e  r e f l e e t o r  l e v e l  has reached the  h a l f - f u l l  value, t h e  

in te r lock  on t h e  helium valve, 276~3, i s  released SO helium can be supplied f o r  

pressurizing t h e  r e f l e c t o r ,  Thus, as the pulsafeeder pumps f i l l  the re f lec tor ,  
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instrument PRC-10 controls  the  admission of helium t o  b r i n g  t h e  pressure t o  the 

proper value e 

The D20 c i r c u l a t i n g  pump may be started when t h e  l e v e l  has reached 

t h e  lower limit (corresponding t o  t h e  bottom of t h e  core) ,  as indicated by 

opening of  contacts  RS-3 of LRC-12. 

D U - C  close.  

PRCA/D10 

pressure,  and overheating by contacts  DOC-A, DUC-A, PS-1 and PS-8. 

This de-energizes r e l a y  DLL so contacts 

Correct pressure permission i s  given through RS-6 by instrument 

The motor i s  protected against  overcurrent, undercurrent, low o i l  

3 

A t  t h i s  s tage t h e  reac tor  is  set up t o  be car r ied  c r i t i c a l  so t h e  

"Start-Run" switch is  thrown t o  ''Run" and t h e  r e a c t i v i t y  controls  manipulated 

t o  br ing  t h e  reac tor  t o  power. 

ment f o r  proper r e f l e c t o r  l e v e l ,  contacts  DFA-B, and proper soup temperature, 

RS-4 of TU-4. 

DaO c i rcu la t ion ,  are required s ince throwing Sg t o  "Run" would have dumped t h e  

soup unless t he  soup pump were operating properly. 

This operation has been blocked by t h e  require-  

Ind i rec t ly ,  a l l  of t h e  operations discussed so far, e x c e p t ,  

The first r e a c t i v i t y  cant ro l  i s  Concentration increase,  which has been 

blocked u n t i l  now by the various open contacts  i n  the blocking solenoid valve 

c f r c u i t ,  Concentration cannot be changed unless t h e  soup pulsafeeder pump i s  

operating, c losing contacts  FPF-A, and t h e  rods are s ta t ionary  so contacts 

P a - E  and P3R-D are closed. 

a t i o n  of two o r  more k increasing devices. With t h e  block removed, t h e  

concentration valve, 126, may be operated a t  w i l l  from t h e  valve s t a t i o n  on 

These last two are t o  block simultaneous oper- 

t h e  console. 

tinuous monitoring of the r e a c t i v i t y ,  and i f  t h e  operation i s  car r ied  too  far 

As the  concentration increases,  t h e  nuclear instruments give con- 
0 
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w i l l  scram the  r eac to r ,  

concentration control ,  o r  t he  f i n a l  s tage may be done with t h e  rods. 

it i s  recommended t h a t  t h e  rods be used so they w i l l  be up and can serve as 

addi t iona l  sa fe ty  rods. 

valve 126. 

The reac tor  may be brought a l l  t h e  way t o  power w i t h  

For safety 

Fine concentration control  i s  obtained by t h r o t t l i n g  

When the  concentration has reached t h e  desired value, t he  rods may be 

ra i sed  t o  fu r the r  increase r e a c t i v i t y ,  

concentrating t o  the  f i n a l  value and t h e  reac tor  then brought t o  the  desired 

l e v e l  with concentration control .  It i s  believed t h a t  t h i s  is t h e  safer method. 

A switch on t h e  concentration valve controls  r e l ay  FCV so the  s h i m  and control  

rods cannot be r a i sed  while t h e  f u e l  i s  being concentrated. 

O f  course, t h e  rods may be r a i sed  before  

As t he  reac tor  i s  brought up i n  power a point  i s  reached when heat no 

longer needs t o  be  supplied from t h e  steam t o  maintain soup temperature, and 

ac tua l ly  a steam load must be extracted t o  prevent overheating. A t  t h i s  change 

over it is important t h a t  there be no sudden cooling of t h e  soup (and hence in-  

crease of r e a c t i v i t y )  by the  admission of feed water t o  t h e  heat exchanger. 

A t  least two procedures suggest themselves. 

valve and very slowly f i l l  t h e  heat exchanger from the feed water pumps by 

gradually increasing the cont ro l  point of LIC-8. 

soup c i r cu la t ing  through the  exchanger, t h i s  should r e s u l t  i n  t he  water being 

heated t o  almost steam temperature as it i s  admitted, and thus cause no ap- 

preciable  change of soup temperature. 

valve and allow t he  condensate t o  f i l l  t h e  heat  exchanger. 

experience the  operator should be able t o  estimate when the  dra in  valve should 

The first is t o  c lose the  d ra in  

With steam s t i l l  supplied and 

The second method is  t o  c lose  the  dra in  

With some operating 
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be closed t o  have su f f i c i en t  water when t h e  reac tor  starts del iver ing power. I n  

any event, t he  cont ro l  point  of LIC-8 should correspond t o  t h e  l e v e l  of condensate 

when t h e  feed water pumps are started and the  instrument i s  allowed t o  take  over 

control .  The second method i s  probably t h e  safer from t h e  standpoint of sudden 

temperature changes, b u t  ei ther should be e n t i r e l y  sa t i s f ac to ry  i f  t h e  operator 

exercises  normal care. 

fhe r eac to r  may be shutdown or reduced i n  power, at  the  option of t h e  

operator,  by means of any of the  r e a c t i v i t y  controls ,  It may be shutdown auto- 

matically by any of several  emergency conditions, as indicated i n  Figure 26 and 

de ta i l ed  i n  Figure 27. 

I n  general, a reduction by the  operator i n  t h e  operating l e v e l  w i l l  be 

by rods o r  concentration f o r  f i n e  control ,  and by r e f l e c t o r  l e v e l  f o r  l a rge  shim 

control ,  

r e s t r i c t i o n s  other  than the  requirement t h a t  only one r e a c t i v i t y  cont ro l  i s  in-  

creasing r e a c t i v i t y  at a given moment., To reduce r e a c t i v i t y  by d i l u t i o n  of the  

f u e l  the concentration valve and t h e  d i lu t ion  valve are both opened, thereby 

stopping t h e  co l lec t ion  of condensate and feeding water from t h e  condensate 

tanks t o  the  core. 

cont ro l  point of the l e v e l  cont ro l le r ,  LRC-12. 

contacts  and the  let-down valve control  funct ion a t  any s e t t i n g  of t h e  cont ro l  

point,  so the operator merely changes the  point and the  instrument does t h e  

rest  

The rods may be manipulated t o  reach a new power l e v e l  without any 

The r e f l e c t o r  shimming ac t ion  i s  control led by varying the  

The pulsaf'eeder pump cont ro l  

There are several  methods ava i lab le  t o  the  operator f o r  shut t ing  t h e  

reac tor  down, and various combinations of these could be used. However, a l l  
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of these do not make r e s t a r t i n g  equally easy. 

quick shutdown, t h e  rods are dropped and will be followed automatically by a 

r e f l e c t o r  dump. If the  emergency involves the  soup system, the  operator may 

dump t h e  soup by operating t h e  soup dump switch, S-9. 

by switch S-7. 

For an emergency c a l l i n g  f o r  

Reflector may be dumped 

For a rout ine  shutdown, it i s  suggested t h a t  t h e  f u e l  be d i lu t ed  t o  

a value which w i l l  make t h e  reac tor  sub -c r i t i ca l  at  room temperature. This 

operation will requi re  about seven minutes wi th  t h e  d i l u t e  valve wide open. 

The rods are then run down and t h e  r e f l e c t o r  allowed t o  dump, 

reac tor  in an "ever-safe" condition with t h e  soup i n  the  core system. Exper- 

ience may indica te  t h a t  t h i s  procedure may be modified; f o r  example, complete 

This leaves t h e  

d i l u t i o n  of t he  soup may not be necessary, and thus t h e  concentration t i m e  at  

s ta r t -up  may be shortened, I n  t h i s  event, t he  operator must r e a l i z e  t h a t  the 

reac tor  may become c r i t i c a l  as t h e  r e f l e c t o r  is ra i sed ,  so the  necessary care  

must be exercised i n  r a i s i n g  t h e  r e f l e c t o r ,  When t h e  reac tor  i s  t o  be down f o r  

a long period, it i s  probably preferable  t o  dump t h e  soup as w e l l  as t h e  re- 

f l e c t o r  o 

- There are several  in te r locks  on the shutdown devices. Whenever the  

sa fe ty  rod leaves t h e  cocked posi t ion,  whether by drop or  run-down, the  r e f l e c t o r  

timer i s  started by t h e  clutch o r  upper lidt switch;. A f t e r  a d e f i n i t e  t i m e  
.* 

i n t e rva l ,  present ly  considered as 30 seconds, t h e  timer opens the  D20 dump valve. 

During the  t i m e  delay in te rva l ,  t h e  operator may block t h e  r e f l e c t o r  dump by 

means of t he  "hold dump" switch, S-8,  This f ea tu re  i s  provided so the  operator 

may survey the s i t u a t i o n  when t h e  rods are dropped, and i f  he f inds  the drop 
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i s  a f a l s e  scram, o r  that condit.ions warrant it, he may prevent a complete scram 

and t h e  r e s u l t a n t  long: s t a r t -up  per iod,  I n  addi t ion  t o  t h e  rod ac tua t ion  of t he  

timer, a scram s igna l  on the  sigma bus of t h e  magnet ampl i f ie rs  w i l l  s tart  it, 

so i f  a nuclear condi t ion c a l l s  f o r  a scram and the rods f a i l  t o  drop, t h e  re- 

f l e c t o r  cycle i s  s t a r t ed ,  nevertheless ,  

r e t u r n  switch),  and then decide he needs a quick dump, he may operate the  dump 

switch, S-7, and not w a i t  f o r  t h e  timer cycle ,  

Should t h e  operator  hold s-8 ( a  spr ing 

A s  mentioned previously,  t h e  soup dump i s  inter locked with the  r e f l e c t o r  

dump so a high re f lec tor - to-core  pressure cannot occur when t h e  f u e l  i s  dumped, 

This  i s  accomplished through r e l ay  FDD and i s  p a r a l l e l  with the f u e l  dump valves, 

so when these  solenoids a r e  de-energized contacts  FDD-A i n  t h e  D20 dump valve 

c i r c u i t  open and dump t h e  r e f l e c t o r  simultaneously, The core w i l l  dump i n  

e 2 5  seconds, bu t  t h e  in s ide  pressure i s  reduced t o w 5 0 0  p s i  (corresponding t o  

operat ing temperature), as soon as t h e  so lu t ion  drops below the  steam jacket  i n  

t h e  p re s su r i ze r ,  A s  a back-up f o r  t he  f u e l  dump valve, t h e  let-down valve i s  

inter locked so i f  t h e  dump valve fa i ls  t o  open t h e  let-down valve i s  opened, 

This  l a t te r  valve i s  not opened f o r  normal dumping i n  order t o  reduce t h e  erosion 

on t h e  valve t r i m .  

Several  emergency s igna l s  w i l l  i n i t i % t 3 e  this soup dump, Any of t h e  

monitrons, &R@ 23, 24, 25, 26, or 68, which de tec t  l eaks  will i n i t i a t e  such a 

dump. Any f a i l u r e  of t h e  soup c i r cu la t ion ,  as indicated by t h e  e l e c t r i c a l  con- 

d i t i o n  of t he  pump motor, w i l l  a l s o  dump t h e  f u e l .  Over o r  under current  i n  

t h i s  motor will i nd ica t e  an abnormal pump load and open t h e  supply l i n e  t o  t h e  

motor. Voltage r e l ay  FCL i s  connected across  t h e  l i n e  on the  motor s i d e  of t he  a 
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contactor,  so l o s s  of motor voltage f o r  any reason operates r e l a y  FIR and 

causes a dump. 

of t h e  "s tar t - run" switch, S-5, are connected i n  t h e  c i r c u i t  of r e l a y  FIR. 

Thig f e a t u r e  must be blocked during i n i t i a l  f i l l i n g  so contacts  

An 

addi t ional  in te r lock  on t h e  soup dump i s  provided t o  open t h e  d i l u t i o n  valve 

and thus reduce the  concentration t o  a safe value f o r  the next s tar t -up.  

The monitrons, &RC 24 and 56, which de tec t  abnormal a c t i v i t y  i n  the  

s h i e l d  a l s o  stop t h e  s tack fan, leaving t h e  sh ie ld  under s tack draft only so 

an'excessive amount of a c t i v i t y . w i l 1  not be passed up t h e  s tack.  

The safe ty  and shim rod magnets are t r ipped  by many emergency s igna ls ,  

The normal sa fe ty  and period t r i p s  are provided through t h e  sigma bus of t h e  

amplif iers  so dangerous nuclear conditions can i n i t i a t e  a scram without t h e  

delay associated wi th  mechanical re lays .  Less c r i t i c a l  conditions open t h e  

magnet amplif ier  power supply. Contacts RS-9 on t h e  counting rate meter pre- 

vent a s ta r t -up  without an adequate source. 

rods through pressure switches PS-11 and PS-12. 

in te r locks ,  ' the rods should be dropped whenever t h e  r e f l e c t o r  i s  dumped. 

Low water or. a i r  pressure drops the * .  
Because of  the s tar t -up s a f e t y  

Th i s  

i s  provided f o r  by switch S7-2 and r e l a y  contact FDD-B. 

funct ion through the  contacts  shown as 23-D, 24-D,  25-D, 2 6 9  and 68-D.  

The variouc monitrons 

A "test-run" switch i s  provided so t h e  rods o r  r e f l e c t o r  may be tested 

when conditions are safe. 

down so t h e  rod motors can be energized through ~ 6 - 4 ,  i f  the r e f l e c t o r  low l e v e l  

The reac tor  cannot go c r i t i c a l  when t h e  r e f l e c t o r  i s  

contacts,  DLL-B, ind ica te  an empty r e f l e c t o r .  The r e f l e c t o r  pumps may be oper- 

a ted  a t  w i l l  i f  t h e  core is  empty. 

test" pos i t ion  of S-6 when contacts  s6-2 energize t h e  pump motor c i r c u i t s  and 

This conditions i s  given by t h e  " r e f l e c t o r  
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s6-1 opens t h e  dump valves. 

Operation and Loading of t h e  Generator 
I - 

c 

Under normal conditions the  reac tor  i s  1osld.ed by operat ing t h e  turbo- 

generator on the  TVA system. The c h a r a c t e r i s t i c  behsvior of an a l t e r n a t o r  

operated i n  pars. l lel  with a f ixed  frequency and voltage system makes load cont ro l  

r a t h e r  sirqle,  With t h i s  connection t h e  f r q u e n c y  o f  the  a l t e r n e t o r ,  and hence 

i t s  speed, cannot, change, so t h e  only way i t s  lord cen be a l t e r e d  i s  by changint: 

t h e  s e t t i n g  of the governoi-, Contrary t o  t h e  case of' d ,c .  generators operated 

i n  p a r a l l e l ,  changing &he generator f i e l d  does not change i t s  load. 

change of f i e l d  oroduces a change OS Tnfiuceii voltage whicn permits a c i r c u l a t i n g  

com;?onent of current  t o  flow, which i n  t u r n  ad jus t s  t h e  terminal  voltage of t he  

a l t e r n a t o r  t o  t h a t  of t h e  f ixed  system, 

a l t e r n a t o r  zower fact .or,  

change i n  alt.ernatoi= r e s i s t ance  lo s s  w l t h  t he  new current ,  bu t  t h i s  load change 

is  completely negl ig ib le .  Thus, once the generstoi  i s  synchronized on t h e  l i n e  

i t s  load i s  adjusted by ad jus t ing  the  turb ine  governor by means o f  t he  governcr 

cont ro l  on t h e  console. The power f ac to r  i s  adjusted with the  f i e l d  rheos ta t  

on the  console, o r  f o r  extreme va r i a t ion  it m y  be necessary t o  use t h e  f i e l d  

rheos ta t  on t h e  sane1 board. 

Rather, a 

The ne t  e f f e c t  of t h i s  i s  a change i n  

'There i s  iz smll change of del ivered aower due t o  a 

Normal power f a c t o r  w i l l  be uni ty .  

The turb ine  i s  brought u_o t o  sgeed gradually by admitt ing steam slowly 

through t h e  appropriate  valve from e i t h e r  t h e  house supply o r  t he  reac tor .  

The speed of t h e  turb ine  i s  ind ica ted  on the  frequency meter, 60 cycles represent,- 

i ng  r a t e d  speed. For noririal operat ion t h e  governor should be set by the  governor 

cont ro l  switch t o  give r a t ed  s;.xxd with the  s tem valve f u l l y  o p n .  If t h e  
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tu rb ine  i s  operat ing from one steam source and it i s  desired t o  t r a n s f e r  t o  t h e  

other ,  t h i s  may be done by opening t h e  valve i n  the  l i n e  t o  the second supply 

and c los ing  tha t  t o  the  f i r s t ,  t he  check valve i n  t h e  bui lding steam l i n e  prevent- 

ing  any back-up of r eac to r  steam i n t o  t h e  bui ld ing  system. 

After t h e  turb ine  i s  warmed up t h e  generator may be synchronized on t h e  

l i n e  by standard procedures. 

panel board. 

t hese  being ind ica ted  by a l t e r n a t o r  and l i n e  voltmeters,by the f i e l d  rheos t a t  on 

t h e  console. 

slowly. 

t h e  c i r c u i t  breaker before  t h e  machine can get out  of synchronism.) 

frequency i s  i n i t i a l l y  very far from cor rec t  it i s  easier t o  ad jus t  t h e  speed 

approximately by using t h e  frequency meter as an ind ica tor .  With the a l t e r n a t o r  

and l i n e  vol tages  equal and t h e  synchroscope r o t a t i n g  very slowly, preferab ly  

with t h e  l o c a l  frequency above TVA frequency (synchrcscope r o t a t i n g  i n  t h e  

"fast" d i r ec t ion ) ,  t h e  generator breaker should be closed as the synchroscope 

goes through the  synchronous pos i t ion .  P rac t i ca l ly ,  t h i s  means the  operator  

should throw the  breaker switch j u s t  before  synchroscope poin ter  reaches the  

v e r t i c a l  pos i t ion ,  so the  breaker w i l l  a c tua l ly  c lose as t h e  poin te r  goes through 

the  v e r t i c a l  pos i t ion .  

synchronism the  rush of current  when t h e  breaker d o s e s  will immediately t r i p  it 

out  and a t  t h e  same time subject  t h e  a l t e r n a t o r  t o  undesirable s t r e s s .  

The synchroscope i s  turned on by t h e  switch on t h e  

Output voltage of' t h e  a l t e r n a t o r  i s  adjusted t o  t h e  l i n e  value, 

The turb ine  governor i s  adjusted so t h e  synchroscope r o t a t e s  very 

(This  r o t a t i o n  should be  slow enough t o  permit t he  operator  t o  c lose  

If the  

If t h e  generator and l i n e  voltages a r e  too  far out  of 
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Conclusion 

This report has been prepared before the reactor design and con- 

struction are completed and it is expected that some minor modifications in 

instruments and controls will be necessitated as the work progresses. 

will be covered in later reports or in a supplement to this report. 

control drawings are not yet available, but will be issued as series Q-1139 

for nuclear and safety circuits, and Q-1220, Q-1221, Q-1222, Q-1223, and 

Q-1224 for process instruments and installations. 

These 
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